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MANAGEMENT OF A COOLING LAKE FISH POPULATION
Final Report
Federal Aid Project F-30-R
EXECUTIVE SUMMARY
Introduction
The objective of this study was to determine whether (1) the establishment of
a 15-Inch (38-cm) length l mit for largemouth bass (Mlcropterus salmoldes) and
(2) the Introduction of threadfin shad (Dorosoma petenense) as an additional
forage species will I improve the fish population structure and angler harvest
in Lake Sangchris, an 876-ha cooling lake in central Illinois. The Illinois
Natural History Survey had previously studied the Lake Sangchris cool ing lake
ecosystem to determine the effect of thermal discharge and combustion
by-products on the aquatic biota. Consequently, one of the most complete
cooling lake data bases in the United States has been accumulated for Lake
Sangchris. This pre-management data base was used to evaluate the effects of
the management application. The cooling lake management strategy was thus
assessed by determining changes in relative abundance of species populations
with respect to historical information (1974-1976) by conducting a creel survey
In 1980 and 1981 to evaluate the qual ity of sport fishing, by analyzing the
growth rate, food habits, and reproductive success of largemouth bass, and by
observing the spawning characteristics and population growth of threadfin shad.
Annual Introduction of Threadfin Shad As A Forage Base
An adequate forage base of threadfin shad for largemouth bass was not
established by stocking of low numbers (1.6/acre) of threadfin shad during
1979. However, when there was winter survival of the progeny of the stocked
fish over the winter of 1979-80 and 1980-81, an adequate forage base was
established and utilized by largemouth bass. These data Indicate that unless
there Is a probable chance for winter survival of threadfin shad or unless the
stocking rates can be increased to many times those stocked Into Lake
Sangchrls, iIttle benefit may be derived by largemouth bass.
Catch Per Unit Effort and Standing Crops
Examination of catch per unit effort (C/E) data revealed that piscivorous
gamefish (largemouth bass, channel catfish, white bass, and white crapple)
made up a larger percentage of the population in post-management years than in
pre-management years. During 1974, 1975, and 1976, piscivorous gamefish
comprised 25.2%, 25.9%, and 26.4% of the total biomass collected, whereas, in
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1979, 1980, and 1981, these same species contributed 39.5%, 38.3%, and 36.5%
of the biomass in C/E samples.
Catch/effort values for largemouth bass increased 48.5 percent from an average
biomass of 9.7 Kg in pre-management years to 14.4 Kg in the post-management
period. Post-management abundance of yellow bass declined dramatically over
pre-management levels and may have been related to competition for food
resources with threadfin shad.
During the post-management period, the relative stock density value (RSD 15 )
for largemouth bass remained within the recommended range of 10-25% in spite
of very high fishing pressure. Relative-weight (Wr) values for largemouth
bass of smaller sizes (3.9-11.9 inches) were generally below optimum in the
post-management period, whereas values for bass 12.0 inches and larger were
usually in the optimum range or higher. Proportional stock density (PSD)
values for bluegills progressively increased during the three post-management
years, but did not reach the optimum range. The white crappie population was
dominated by a strong year class produced in 1978.
Cove rotenone surveys showed the biomass of piscivorous gamefish (largemouth
bass, channel catfish, white bass, and white crappie) progressively increased
from 2.4% and 4.1% of the total standing crop in 1975 and 1976, respectively,
to 7.1% in 1979, 15.5% in 1980, and 21.8% in 1981. The pre-management
standing crop of largemouth bass increased from an average of 3.5 kg/ha to
15.9 kg/ha during the post-management period. The standing crop of gizzard
shad, which was increasing during the pre-management period, declined during
the post-management period to a low value of 167.8 kg/ha in 1981. In
contrast to the gizzard shad decline, and possibly a causitive factor in
their reduction, was a tremendous increase in biomass of threadfin shad. In
1979, threadfin shad did not overwinter and they were found only in trace
numbers, but in 1980 and 1981 when they overwintered, their standing crop was
23.2 kg/ha, and 19 kg/ha, respectively.
Relatively low rates of hybridization between threadfin and gizzard shad were
observed from gross morphological characteristics. The rate of hybridization
was .0045 in 1980 and .0065 in 1981.
As compared to pre-management years (1974-1976), the imposition of the 15-inch
length restriction on largemouth bass and introduction of threadfin shad into
Lake Sangchris during 1979-1981 improved the fish population structure and the
ratio of sportfish to rough and forage fish. The combination of these two
management practices (harvest restriction and introduction of a temperature
sensitive forage species) can be expected to yield beneficial results in
Illinois cooling lakes.
Food Habits
Food habits of young-of-the-year largemouth bass were examined in 1979. Fish
began to appear in the diet of young-of-the-year bass after they reached 60
mm TL and dominated the diet by the time they reached 120 mm TL. After 1979,
we did not examine young-of-the-year fish smaller than 60 mm TL for food
habits. Quarterly food habit samples of largemouth bass in the 60-199 mm TL
group from 1979-1981 indicated a shift to consumption of threadfin shad
during the July-September period of 1980 and 1981. Quarterly food habit
samples of largemouth bass in the 200-299 mm TL group revealed that gizzard
shad were. predominant in 1979 when threadfin shad population biomass was low,
but shifted to consumption of threadfin shad in 1980 and 1981 when that
species became highly abundant. Quarterly food habit samples of bass 300 mm
TL and larger indicated that fish of this size preferred gizzard shad
throughout the study period.
Food habits of white crappie were examined during the fall of 1980 and 1981
and showed a high percentage occurrence of smaller shad which were believed to
be threadfin based on size availablility.
Apparently the introduction of threadfin shad into Lake Sangchris did not
increase the amount of food eaten by largemouth bass. The benefit of the
introduction is that they did not grow out of the forage size for bass and they
apparently displaced many of the gizzard shad. Also, by introducing threadfin
shad the number of available prey items increased (by replacement of larger
gizzard shad with smaller threadfin shad) and a possible reduction of growth
rate of largemouth bass due to stockpiling below the 15-inch size limit may
have been prevented.
Creel Survey
In comparison to pre-management creel data (1973-1976), the quality of fishing
as measured by catch rates improved dramatically in Lake Sangchris during 1980
and 1981 after threadfin shad were introduced in 1978 and the 15-inch length
restriction on largemouth bass was imposed in 1979. Fishing intensity during
the post-management creel period equalled 84.4 man-hours per acre as compared
to a three year average of 78.3 man-hours per acre for the pre-management
creel period. Sportfish harvest in 1981 in terms of total numbers and weights
exceeded by threefold the highest annual yield measured during pre-management
years. Fishing success for all species combined (numbers or weight of fish
per hour) was much improved in post-management years even without the catch of
18,057 sublegal largemouth bass in 1980 and 68,535 sublegal bass In 1981.
Fishing success for all species in 1981 exceeded one fish per hour and reached
1.4 fish per hour including bass less than 15 inches in size. The yield of
channel catfish, white bass, and white crappie increased during the post-
management period. The yield of largemouth bass reached only approximately 50
percent of the best pre-management value. Although the yield was reduced by
the harvest restriction, the quality of the fishing experience was enhanced
because 16 fish were caught for each one harvested. As a result of the length
limit, the largemouth bass harvested were very high quality fish averaging 2.8
Ibs in 1980 and 2.3 Ibs in 1981. A strong year class of white crappie entered
the creel in the post-management period, had a major effect on the total
harvest, and its appearance may or may not have been directly related to the
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management strategy applied. There was a high degree of support for the
management strategy by the boat fishing portion of the fishing public, but
only mediocre support from the bank fishing segment. A comparison of Lake
Sangchris data with literature values revealed that few lakes of comparable
size received as much fishing pressure, and that the yield of fish of all
kinds combined was exceptionally good in this 16-year old cooling lake and
equaled that observed in several lakes during their first few years of
impoundment. The Lake Sangchris fishery is dynamic and while the management
strategy has shown a dramatic improvement in the quality of fishing through
1981, we have no way of knowing whether the fishery will show further
improvement, stabilize, or decline in future years. We would recommend follow
up creel surveys to document additional changes over time.
Water Qual ity
While there were some minor changes in water quality of Lake Sangchris,
between the preand post-management periods, these changes were not of
sufficient magnitude to account for any observed changes in the distribution
or relative abundance of fishes during that time period.
Age and Growth
Determination of fish age and growth data is difficult in lakes receiving
thermal discharges. Formation of annuli in otoliths of largemouth were
verified during this study and used to assess growth of largemouth bass and
white crappie in Lake Sangchris. A coded spine-marking technique was used on
largemouth bass and provided acceptable results on recaptures made more than
one year later. Back calculations of lengths of bass at various ages via
otoliths indicated distinct differences in bass growth before and after the
management strategy was applied. During the pre-management period (1976-
1977), growth during the first year averaged only 141 mm TL, whereas after the
length limit was imposed and threadfin shad were introduced (1978-1981) growth
of first year bass averaged 175 mm TL. Growth of Age II largemouth bass was
slower after the management strategy was applied, and growth of fish at ages
III and IV was similar during both preand post-management periods. During
this post-management period the density of bass in the lake increased
dramatically. The age and growth data revealed that the growth rate of
largemouth bass in Lake Sangchris did not decline as a result of the increased
population density and this may have been due to the addition of threadfin
shad as forage.
An otolith analysis of growth rates of white crappie in Lake Sangchris
indicated fairly rapid growth when compared to literature values but the data
indicated slower growth during the post-management period. This may have been
related to differences in population size or to aging techniques (otoliths
during post-management and length frequency during pre-management).
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Spawning Time and Reproductive Age of Threadfin Shad and Reproductive Success
of Largemouth Bass
Otol Ith aging of young-of-the-year threadfin shad Indicated that they grew
about 1 mm/day during warmer months In Lake Sangchris in 1979. We did not
collect large numbers of larval threadfin shad and most information was
obtained from otolith aging. By late summer of 1979, young-of-the-year
threadfin shad were large enough to be reproductively mature. Back
calculation of daily ages of young-of-the-year threadfin collected In 1979
Indicated that one spawning period occurred between 12 May and 12 June and a
second occurred from 1 July to 22 August. Threadfin shad overwintered during
the winters of 1979-80 and 1980-81 and much larger populations were formed in
the lake. Inspection of plankton net tow data in 1980 and 1981 for larval
shad revealed that threadfin had begun spawning In April or early May and
continued throughout the summer with some taking place as late as mid-July. A
second large spawning peak was not observed In 1980 or 1981. During spring
and fall threadfln shad were concentrated In the heated discharge arm, while
during summer they were found throughout the lake. During winter their
distribution was restricted by temperature to the discharge canal area where
they overwintered. Population size of threadfin shad was thus controlled by
overwinter mortality In all areas of the lake except the heated discharge and
by high sportfish predation in that area. A majority of age I threadfin shad
died off naturally between April and July of 1980 and 1981 after spawning as a
result of reproductive stress or Intraspecific food competition with
young-ofthe year threadfin shad. Adult threadfin shad never got larger than
140 mm TL and thus remained within forage size for most predatory sportfishes.
Otolith aging of young-of-the-year largemouth bass Indicated that largemouth
bass spawned from 24 April to 27 May in 1979 and from 1 April to 13 May in
1980. Comparison of catch-per-unit-effort seine samples revealed no
differences In reproductive success or recruitment of young-of-the-year
largemouth bass from 1979 to 1981 which could be related to the introduction
and population size of threadfln shad. Young-of-the-year largemouth bass did
not consume many threadfin shad and apparently did not compete for the same
zooplankton, at least their reproductive success and recruitment were not
affected.
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Study 101. Management of a Cool ing Lake Fish Population.
Oblective:
To determine whether (1) the establishment of a 15-inch (38-cm) length limit
for largemouth bass (Micropterus salmoldes) and (2) the introduction of
threadfin shad (Dorosoma petenense) as an additional forage species would
improve the fish population structure and angler harvest in Lake Sangchris, an
876-ha cool ing lake In central Ill inois.
Introduction:
The Illinois Natural History Survey has intensively studied the Lake Sangchris
cooling lake ecosystem to determine the effect of thermal discharge and
combustion by-products on the aquatic biota (Larimore and Tranquil 1981;
McNurney and Larimore 1980). As a result, one of the most complete cooling
lake data bases in the United States has been accumulated for Lake Sangchris.
Fish population surveys (1974-1976) at Lake Sangchris Indicated that while
the lake contained a good largemouth bass population, the structure of the
fish community included a high rough fish:game fish ratio (Tranquilll et al.
1981a). Interspecific competition for food resources reduced the ability of
game fish (particularly largemouth bass) to produce a sufficient population
of large Individuals to control rough populations and to prevent stunting of
panfish such as bluegll. This resulted In part from relatively high annual
fishing pressure of 102.5 man-hours/acre (McNurney and Dreler 1981).
Consequently, the fishery management strategy for Lake Sangchris Included the
establ Ishment of a length limit for the predatory largemouth bass so that
this species might increase its population and control overabundant prey
species (particularly gizzard shad, small bluegills, and yellow bass). In
addition, the fisherman's catch rate was expected to increase and the quality
of fishing to Improve although the angler might have to return some of the
largemouth bass he caught.
Another part of the management strategy Included the stocking of threadf in
shad, a southern species with a relatively high lower temperature threshold
(450 F), In Lake Sangchrls because (1) they are small fish that do not grow out
of the forage class, (2) they have an extended spawning period and may provide
forage for young-of-the-year bass and other predatory species throughout the
summer and fall, (3) they might suppress survival of the overabundant gizzard
shad by direct competition, and (4) winterkills in the unheated portion of the
cooling lake would be expected to keep their population in check. Heldlnger
(1977) has described the potential management benefits of Introducing
threadfin shad as a forage fish in midwestern power cooling reservoirs.
The cool Ing lake management strategy was assessed by determining changes in
relative abundance of species populations with respect to historical
Information, by conducting a creel survey In 1980 and 1981 to evaluate the
quality of sport fishing, by analyzing the growth rate, food habits, and
reproductive success of largemouth bass, and by observing the spawning
characteristics and population growth of threadfin shad.
Description of the Study Area and Sampling Stations:
Lake Sangchris is a 2,165-acre (876-ha) cooling lake located in central
Illinois, approximately 24 km southeast of Springfield, Illinois. It provides
cooling water for Kincaid Generating Station, a 1,232-megawatt, coal-fired
steam-electric power plant operated by Commonwealth Edison Company. Lake
Sangchris has an average depth of 4.6 m (15.0 feet), a maximum depth of 13.7 m
(45 feet), a relatively high shoreline development ratio of 14.23, and a
shoreline length of 150 km (93 miles).
Lake Sangchrls was constructed between 1964 and 1966 by damming Clear Creek, a
small tributary to the South Fork of the Sangamon River. The lake consists of
three relatively long narrow arms that extend southward for distances of 8-11
km from the dam (Fig. 1). The generating station lies between the west and
middle arms; water is withdrawn from the west, or intake arm, cycled through
the plant, and returned to the middle, or discharge arm. The water withdrawn
from the intake arm is heated 7-9*C before it is, discharged, creating a
16.1-km (10-mile) cooling loop. The third (east) arm of the lake Is not
included in the cooling loop and was used as a control area. The slag pond,
adjacent to the power plant, is a diked 32-ha area where unheated water Is
used to slurry the residue of burned coal (slag). Larimore and Tranquilli
(1981) present a more complete description of the Lake Sangchrls study area.
The Lake Sangchris basin lies near the center of Illinois with 89029 ' west
longitude bisecting the basin that extends from 39039 ' north latitude at the
dam, southward to 390291 north latitude. The 18,880 ha (73 mlles2) drainage
basin lies mostly within northeastern Christian County, and only a small
portion extends westward into Sangamon County. The basin is In the
northwestern part of the Springfield plain, a physiographic province that
includes central Illinois southwest of the Shelbyville Moraine. This province
has a flat to rolling surface, occasionally incised by shallow valleys and is
extensively farmed for corn and soybeans.
More than 5,000 ha of land were acquired by Commonwealth Edison Company for
Lake Sangchris and Kincaid Generating Station. In addition to the land
occupied by the cooling lake and the power plant, there are agricultural
fields, a 30-m buffer zone around the lake's shoreline, and 607 ha of land was
donated to the State of Illinois for the development of Sangchrls State Park
for recreation and wildlife habitat.
Six fish sampling stations were established at Lake Sangchris (Fig. 1). These
stations are the same as those sampled for fishes by Tranquilli et al. (1981a)
so that results of this study are comparable. Station 7, in the control arm,
and Stations 1 and 2, in the intake arm, represent sampling areas with near
ambient temperatures. The habitats at Stations 2 and 7 are typical of the
lake with many coves and inlets. Station 1, at the Intake canal, Is a
steep-sided channel. There is a subsurface current in the intake canal
created by circulating water pumps that withdraw water from a depth of 6 m
below a skimmer wall. Stations 3, 4, and 5 are located in the discharge arm
and represent artificially heated habitats. The discharge canal, Station 5,
has the most highly elevated temperatures of all the stations In the cooling
loop. The discharge canal is a 1.1-km channel with a 0.3m/sec water velocity.
Station 4, located between the generating station and the dam, is a typical
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lake station with many coves, but it is highly influenced by the thermal
discharge. The dam area (Station 3), Is approximately halfway around the
cooling loop and is only partially affected by the thermal effluent. The dam
differs from the other stations in that it represents the deepest area of the
lake and is extensively rip-rapped with rock along its northern shoreline.
The slag pond, Station 6, is not part of the lake proper.
Fish collections at each of the six major stations (Fig. 1) were replicated to
increase sample sizes, by subdividing each station into four substations
(southwest, northwest, northeast, and southeast) representing distinct but
contiguous reaches of shoreline. The samples from the substation units
provided an estimate of station variation.
The common and scientific names of the fishes occurring in Lake Sangchris are
presented in Table 1.
Table 1. List of species in Lake Sangchris with scientific names.
Common Name Scientific Name
Threadfin shad
Gizzard shad
Carp
Hornyhead chub
Golden shiner
Striped shiner
Bigmouth shiner
Red shiner
White sucker
Black bullhead
Yellow bullhead
Channel catfish
Flathead catfish
Blackstripe topminnow
Brook si Iversides
White bass
Yellow bass
Green sunfish
Bluegill
Bluegill x green sunfish hybrid
Largemouth bass
White crappie
Freshwater drum
Dorosoma petenense
Dorosoma cepedianum
Cyprinus carpio
Nocomis biguttatus
Notemigonus crysoleQcas
Notropi s chrysocephalus
Notropi s dorsal is
Notropi s lutrensis
Catostomus commersoni
Ictalurus mel asm
Ictalurus natal is
Ictalurus punctatus
Pv Iyodictus o Iveris
Fundu lus notatus
Labidesthes slcculus
Morone chrysops
Morone miss ssippiensis
Lepomis cyanel lus
Lepomis macrochirus
Micropterus salmoldes
Pomoxi s annularis
Aplodinotus grunniens
--
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Job No. 1. Establish length restriction for largemouth bass at 15-inches.
Materials and Methods:
An administrative order was prepared by Jim Allen, Head of the Operations
Section of the Illinois Department of Conservation, to establish the 15-inch
length limit at Lake Sangchris beginning January 1979. Signs notifying the
public of this restriction were constructed by State Park Personnel under the
direction of Regional Land Manager, James Shank, and Site Superintendent,
Steve Carey. The signs were placed at all boat landings and shoreline access
areas.
Results and Discussion:
The 15-inch length restriction for largemouth bass remained In effect through-
out 1982 because: (1) adverse public reaction to the length restriction was
not encountered; (2) there was no indication that growth of the fish had been
inhibited; and (3) the standing stock of fish had not reached the level where
bass exerted control, through predation, over forage and pan fish species.
Conclusions:
The length restriction for largemouth bass remained at 15-inches throughout
1982. Beginning in 1983, the responsibility for management recommendations at
Lake Sangchris became the responsibility of the Illinois Department of
Conservation and was based upon evaluation of the most recent annual catch per
unit effort and growth data.
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Job No. 2: Introduce threadfin shad and annually stock a sufficient number
to establish an adequate forage base.
Materials and Methods:
Stocking of threadfin shad during 1978 and 1979 in Lake Sangchris was co-
ordinated through Charley Marbut and Pete Paladino of the Illinois Department
of Conservation (DOC). DOC personnel were responsible for collecting and
stocking the threadfin shad.
On 9 June 1978, approximately 1,000-1,200 threadfin shad were stocked into
Lake Sangchris. All of the 1978 stock were collected by netting fish from
Alabama. After collection the fish were put in a tank truck andimmediately
transported to Illinois. In general, the fish were in good shape when
stocked, but there was an 8-10 0C difference between the water temperature in
the truck and that of Lake Sangchris.
During May 1979, approximately 2,600 threadfin shad were stocked into Lake
Sangchrls. These fish were collected by electrofishing from Lake Baldwin,
Illinois. An additional 900 fish from Alabama were stocked on 19 May 1979.
All fish during both years were of adult size when stocked.
Because of overwinter survival, it was not necessary to stock threadfin shad
In 1980 or 1981.
Results and Discussion:
Threadfin shad stocked into Lake Sangchris during 1978 were not sampled as
part of this study, but some information was obtained from local fishermen.
DuFing January 1979, "thousands" of threadfin shad were observed dying in the
discharge arm of Kincaid Power Plant. Twenty-five threadfin shad were
collected that ranged from 48-61 mm TL (X = 54.4). These were all young-of-
the-year fish indicating that the 1,000-1,200 stocked threadfin shad had
spawned and a population was established. No threadfin shad were collected
during our 1 April 1979 quarterly sample and because the water temperature in
the dishcarge canal area during January and February 1979 was frequently below
5°C (Fig. 6.3), we believed a complete winterkill of threadfin shad occurred
during the 1978-1979 winter. Lewis (1977), Parsons and Kimsey (1954), and
Strawn (1963) found no indications of survival of threadfin shad below
approximately 50C.
During 1979, there was reproduction of the 3,500 newly stocked threadfin
shad. Approximately 2,000 threadfin shad were collected during our
electrofishing, seining, and gillnetting in 1979 (Table A3.8). All stations
did not yield threadfin shad throughout the year but a pattern of
distribution was evident. During the spring and fall sample the threadfin
shad were concentrated in the warmer discharge arm, while In our summer
sample they were found throughout the reservoir. In our 1980 winter sample
the threadfin shad were only found in the warmest areas of the discharge arm
(see Job No. 8).
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During two cove rotenone samples conducted in August and September 1979, we
found 81 (0.5 kg) and 77 (0.1 kg) threadfin shad per hectare, respectively
(Table A3.10). The weight difference between samples was due to the smaller
average total length of threadfin shad collected in the September sample.
These catches were much lower than the average 10.2 pounds/acre (11.4 kg/ha)
found in 82 mid-southern reservoirs reviewed by Jenkins (1975). This
difference is attributed to the fact that Jenkins' populations overwintered
whereas the stock was only reintroduced to Lake Sangchris during spring of
1979. Since Hayne et al. (1967) found that cove samples were representative
of shad numbers, it appears that in August and September Lake Sangchris
threadfin shad numbers were relatively low. Supportive of these results are
the low numbers of threadfin shad found in largemouth bass stomachs during
1979 (Taubert et al. 1980).
C/E samples of threadfin shad during 1980 and 1981 were of similar magnitude
and showed the same seasonal patterns as those during 1979. These C/E
findings were surprising since the threadfin shad had survived both the
1979-1980 and 1980-1981 winters and therefore larger numbers were expected.
The differences in abundance of newly stocked and overwintering populations of
threadfin shad in Lake Sangchris did not become noticeable until rotenone
samples were compared. In 1979 a biomass mean of 0.3,kg/ha and a numerical
mean of 79/h threadfin shad were collected (Table 3.3). During 1980 and 1981,
23.2 and 19.0 kg/ha and 16,830 and 9,224/ha threadfin shad were collected,
respectively. These values were well above the 11.4 kg/ha that Jenkins (1975)
found as an average in mid-southern reservoirs. These increases can only be
attributed to the differences in production potentials between threadfin shad
stocked at a rate of 1/acre (1979) and a population that overwinters (1980 and
1981).
Another noticeable difference between our 1979 and 1980-1981 data was the
increase in occurrence of threadfin shad in the stomach contents of
largemouth bass during 1980-1981. In 1980-1981, threadfin shad were present
in all monthly samples and constituted an appreciable portion of the
largemouth bass food items, especially of bass in the 200-299 mm TL size
range. In 1979 threadfin shad were negligible in largemouth bass stomach
samples (see Job No. 4).
Conclusions:
It was apparent that an adequate forage base of threadfin shad for largemouth
bass was not established by stocking of low numbers (1.6/acre) of threadfin
shad during 1979. However, when there was winter survival of the progeny of
the stocked fish over the winter of 1979-80 and 1980-81, an adequate forage
base was established and utilized by largemouth bass. These data Indicate
that unless there is a probable chance for winter survival of threadfln shad
or unless the stocking rates can be increased to many times those stocked
into Lake Sangchris, little benefit may be derived by largemouth bass.
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Job No. 3. Sample fish populations at six sites, each site four times each
year and to conduct two standing crop surveys each year.
Materials and Methods:
Fish population surveys were conducted In Lake Sangchris to describe the
composition and structure of the fish community, to determine the relative
abundance of species within the lake, and to compare post-management data
(1979-1981) with that collected from Lake Sangchris during the pre-management
period (1974-1976) (Tranquill et al. 1981a). The change in relative
abundance of fishes In Lake Sangchris was assessed relative to the increased
population of largemouth bass which occurred as a result of the 38 cm TL (15
Inch) harvest restriction and the introduction of threadfin shad. Since the
major emphasis of this report is the changes which occurred In the fish
population as a result of the management strategy, the 1981 data (C/E samples
and standing crop surveys) will only be discussed as part of the
post-management trend (1979-1981). However, the results of Individual samples
are presented In the appendix for those who may be Interested In other
aspects.
During the 3-year post-management period (1979-1981), quantitative fish
population samples were collected at six stations (Fig. 1) during January,
April, July, and October. The quarterly fish col lections consisted of 1 hour
of AC electrofishing along a specified length of shoreline (15 minutes In each
of four substations--see description of study site), seining with a 7.6-m
(25-foot) bag seine (one 25-step seine haul in each of the four substations),
and fishing for 24 hours with four 45.7-m (150-foot) monofllament experimental
gill nets composed of a series of 7.6-m (25-foot) panels of six different mesh
sizes (12.7, 25.4, 31.8, 38.1, 50.8, and 63.5 mm) at each of the four
substations.
Because Inclement weather prevented the collection of the January 1979 sample,
the yearly average C/E reported for 1979 (Taubert et al. 1980) appeared to be
abnormally high. To compensate for the lack of a January 1979 sample we added
the average of the pre-management (Tranquilli et al. 1981a) January catches
for 1974-1976, and substituted this value for the January 1979 missing value
(Table 3.1). Since the January 1979 sample represented the first sample of
the post-management period, the average value determined for the period
1974-1976 was considered a reasonable estimate of the actual catch.
Sampling stations and shorelI ne areas covered while electrofIshing are shown
In Figure 1. During each collection, numerical abundance and weights were
recorded for all species of fish. Species composition, relative abundance,
and distribution were determined from these data. The only differences
between the post-management fish collections and the pre-management ones were
that four 45.7-m gill nets were used Instead of one 91.5-m gill net. In the
discussion herein the gill net effort was adjusted to approximate that of the
pre-management period by dividing the gill net catches by two.
In preparation for each rotenone sample, a block net (300 m x 4 m) was placed
across the mouth of the cove to serve as a barrier to fish movement.
Polyethylene sheeting (300 m x 4 m) was attached to the block net. The net
was fixed with steel rods to each shore and the leadlmne weighted with rocks
to keep it against the bottom. Rotenone was appi led at a rate of 1 ppm and
the cove detoxified with potassium permanganate approximately 6 hours after
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Table 3.1. Average catch per unit effort (C/E) values determined for the month
of January during the pre-management period (1974-1976) at Lake
Sangchris.
Total Average
1974 1975 1976 1974-1976 1974-1976
Gizzard shad 18.587' 55.790 48.909 123.286 41.095
Carp 149.210 33.935 64.340 247.395 82.465
Hornyhead chub
Golden shiner 0.654 0.015 0.044 0.713 0.238
Striped x golden shiner
Striped shiner 0.003 - - -
Bigmouth shiner 0.103 - - 0.003 0.034
Red shiner 0.482 0.141 0.013 0.636 0.212
White sucker 1.970 - - 1.970 0.657:
Black bullhead 6.345 0.211 0.307 6.863 2.288
Yellow bullhead 0.342 - 0.293 0.635 0.212
Channel catfish 7,026 0.798 0.314 8.138 2.713
Flathead catfish -
Bl ackstr i pe topm i nnow - - - - -
White bass 12.261 3.715 8.549 24.525 8.175
Yellow bass 11.681 2.481 21.931 36.093 12.031
Green sunfish 0.826 0.262 0.785 1.873 0.624
Bluegill 10.867 0.695 2.672 14.234 4.745
Bluegill x green sunfish - - - - -
Largemouth bass 27.502 1.199 8.174 36.875 12.292
White crappie 3.088 2.973 0.680 6.741 2.247:
Freshwater drum - 1.248 0.231 1.479 0.493
Total 250.857 103.462 157,242 511.561 170.520
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introduction of rotenone. Dead fish were collected and processed daily for 4
days. After the first day, the fish were identified and counted but their
weights were calculated from fresh weights recorded on the first day of the
sample. The net barrier was removed on the last day of collection.
All standing crop values were based on actual numbers and weights of fish
collected; no extrapolations were made to account for fish not recovered.
Standing crop data determined from rotenone samples in lake coves are one of
the most useful of all fish inventory methods used because they are the most
standardized and permit data comparison over a wide geographic range. In
addition, several models.have been formulated (Ryder 1965; Jenkins 1967,
1977) for the prediction of fish standing crops according to various physical
and/or chemical measurements of reservoirs. The objective of this part of
the study was to compare cove rotenone samples in Lake Sangchris during the
post-management period (1979-1981) with those conducted during the pre-
management period (1974-1976) by Tranquilli et al. (1981a).
Two standing crop surveys were conducted in Lake Sangchris during each of the
post-management years. The Illinois Environmental Protection Agency
determined that the rotenone procedure would not produce an adverse Impact to
the public water supply and waived the requirement for an aquatic pesticide
permit. The rotenone was applied In the presence of Illinois Department of
Conservation biologists. Figure 1 shows the locations of the 1.7-ha cove In
the east arm and the 1.3-ha cove in the middle arm sampled during each of the
post-management years. A total of six standing crop surveys were conducted
during both the pre- and post-management periods.
Results and Discussion:
Three different sampling methods (quantitative C/E, standing crop surveys, and
sportfishing creel) were used to assess changes in fish population dynamics
(after threadfin shad were Introduced and a 15-inch length l mit for
largemouth bass was established) because we expected wide variation among
species In their susceptibility to capture. The overall success of the
management strategy should therefore not be based on any of these Indices
alone, but Instead on the collective trends shown by all three methods of
assessment.
Catch/Effort Samples: Twenty fish species and three hybrids were collected
from Lake Sangchris during the three years of catch per unit effort sampling.
The total catch of fishes between years was relatively uniform, Indicating a
consistent and accurate sampling effort. The total weight of fishes captured
was 1,511.5 kg, 1,660.2 kg, and 1,586.2 kg from 1979, 1980, and 1981,
respectively (Appendix 3.1-3.3). In each year electrofishing accounted for
over 70% of the biomass collected and over 65% of the numerical sample.
Seining contributed from 14 to 18% of the numerical catch but never more that
1% of the biomass. Gillnet collections contributed from 7 to 15% of the total
number of fishes caught each year and from 18 to 28% of the catch by weight.
Examination of catch per unit effort (C/E) data (Table 3.2) yielded several
Important trends which indicated change in the Lake Sangchris fish population
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Table 3.2. Mean catch per unit effort (C/E) and percent biomass of fish captured in
Lake Sangchris during pre-management years (1974-1976) and post-management
years (1979 through 1981). Numbers in parentheses represent units of
effort (1979 data were corrected to 24 C/E because Ice cover prevented
some January data collection).
1974 (36) 1975 (36) 1976 (36)
Mean C/E % biomass Mean C/E % blomass Mean C/E % biomass
Largemouth bass 11.3 16.6 7 6 15.3 10.1 17'0
Gizzard shad 11.0 16.3 15.0 30.0 15.0 25.3
Threadfin shad
Carp 22.3 32.9 16.0 32.1 20.8 35.0
Bluegill 6.8 10.0 2.8 5.7: 3.0 5.0
Green sunfish 0.5 0.8 0.3 0.6 0.4 0.7'
Channel catfish 3.7 5.7 3.1 6.1 1.3 2.2
Flathead catfish - - 0.05 0.1
White bass 2.6 3.8 1.8 3.7 3.7: 6.2
Yellow bass 4.5 6.7' 1.3 2.6 3.5 5.8
White crappie 0.7' 1.1 0.4 0.8 0.6 1.0
Golden shiner 0.1 0.2 0.7' 0.2 0.1 0.2
Red shiner 0.05 0.1 0.02 0.0 0.02 0.0
Black bullhead 2.71 4.0 0.5 0.9 0.2 0.4
Yellow bullhead 0.4 0.6 0.1 0.2 0.1 0.2
Blackstriped topminnow - - -
Green sunfish x
bluegill 0.02 0.0 0.01 0.0 0.01 0.0
Freshwater drum 0.5 0.7: 0.7: 1.5 0.4 0.7:
White sucker 0.5 0.71 0.1 0.3 0.2 0.3;
Brook silversides - - -
Total 67.7: 100.2 49.8 100.0 59.5 100.1
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Table 3.2. (continued).
1979 (24) 1980 (24) 1981 (24)
Mean C/E % biomass Mean C/E % biomass Mean C/E % biomass
Largemouth bass 14.9 21.2 14.9 21.6 13.5 20.5
Gizzard shad 13.2 18.8 13.1 19.0 15.3 23.2
Threadfin shad 0.3 0.4 0.6 0.9 0.3 0.4
Carp 23.5 33.4 24.8 35.8 20.0 30.4
Bluegill 2.8 4.0 2.5 3.6 3.1 4.7'
Green sunfish 0.5 0.7 0.3 0 .04 0.3 0.4
Channel catfish 3.7' 5.3 2.8 4.0 1.9. 2.9
Flathead catfish - - 0.1 0.1 0.4 0.6
White bass 6.2 8.9 3.9 5.6 4.6 7,0
Yellow bass 0.8 1.1 0.3 0.4 0.9 1.4
White crappie 2.9 4.1 4.9 7,1 4.0 6.1
Golden shiner 0.4 0.6 0.1 0.2 0.3 0.4
Red shiner - - -
Black bullhead 0.2 0.3 - -
Yellow bullhead 0.1 0.1 0.1 0.2 0.1 0.2
Blackstriped topminnow - - -
Green sunfish x
bluegill - -
Freshwater drum 0.6 0.8 0.6 0.9 0.9 1.4
White sucker 0.2 0.3 - - 0.1 0.2
Brook silversides - - - - 0.1 0.2
Total 70.3 100.0 69.2 99.8 65.8 100.0
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structure after the management strategy was implemented. Piscivorous gamefish
(largemouth bass, channel catfish, white bass, and white crappie) comprised a
larger percentage of the population in post-management years than in pre-
management years. During 1974, 1975, and 1976, piscivorous gamefish comprised
25.2%, 25.9%, and 26.4%.of the total biomass collected.. However, in 1979,
1980, and 1981, those same species contributed 39.5%, 38.3%, and 36.5% of the
biomass collected. Catch/effort values for largemouth bass Indicated that the
management strategy imparted a positive influence on that species. The
pre-management average C/E for largemouth bass was 9.7'whereas the
post-management average C/E equalled 14.4.
The white crappie population exhibited substantial improvements In C/E levels
in post-management years, C/E in pre-management years ranged from 0.4 to 0.7,
but post-management C/E ranged from 2.9 to 4.9 (Table 3.2). Catch/effort
values also improved for white bass after the introduction of threadfin shad.
White bass populations tend to exhibit drastic fluctuations in yearly
abundance (Chadwick et al. 1966) and therefore yearly changes In C/E were
viewed cautiously, but It was apparent that C/E and percent biomass had
Increased over pre-management levels. Average preand post-management C/E
values for channel catfish were nearly identical; however, cove rotenone data
for the same period indicated an increase of nearly five-fold In channel
catfish biomass. We believe cove rotenone sampling more realistically
reflects changes in the Lake Sangchris channel catfish population. The C/E of
threadfln shad declined in 1981 after an increase in 1980; this trend was also
evident in standing crop data and may have been related to an increase in the
abundance of gizzard shad in 1981. Ager (1978) found a negative correlation
between standing crops of the threadfin and gizzard shad. Post-management
abundance of yellow bass was quite low as compared to pre-management levels.
The reduction in the yellow bass population may be related to competition for
the same food resource with threadfin shad; Sule et al. (1981) reported that
yellow bass relied heavily on zooplankton-the same food resource that
threadfin shad are expected to exploit.
Length frequency distributions were examined for several Important species by
comparing the October 1979, 1980, and 1981 quarterly samples. Length
frequency data for the largemouth bass in Lake Sangchrls (Figs. 3.1, 342, and
3.3) demonstrated the positive influence of the 15-inch length limit
throughout the post-management period. Data from the October 1979 quarterly
collections indicated that 10% of the bass population was larger than the
15-inch limit and the RSD15 (Relative Stock Density-15 inches) was 15.8 (Table
A3.6). In October 1980, 9% of the bass population was larger than the 15-Inch
limit and the RSD 15 equalled 16.1. In 1981, 4.7% of the bass population
exceeded 15 inches and the RSD 15 declined to 11.0%. Recommended RSD15 values
are In the range of 10 to 25% (Anderson 1980).
To further investigate the largemouth bass population dynamics, an index of
condition--relative weight, Wr (Wege and Anderson 1979)--was calculated for
each specimen from the 1979, 1980, and 1981 October electrofishing samples.
Bass were grouped into length intervals of 3.9-7,9 inches, 8.0-11.9 inches,
12.0-14.9 inches, and > 15 inches. Mean Wr values were calculated for each
length group according to year. Optimum Wr values for largemouth bass range
from 95-100 percent. The smallest length group of bass (3,9-7,9 inches) were
in the poorest condition; Wr values were 97.3% in 1979, 90.2% in 1980, and
90.9% in 1981 (Table A3.7). The implications of declining Wr values during the
post-management study may indicate excessive recruitment. Bass 8.0-11.9
inches were within the optimum range only during 1981. A mean Wr below 95%
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for bass in that size group indicates a population with a high relative
population density (RPD) for that size group and severe competition for food
(Wege and Anderson 1979). Wr values for the 12.0-14.9 inch size group ranged
from 90.9% to 103.9%. Wege and Anderson (1978) found that bass 15 inches and
longer frequently had high Wr and such was the case in Lake Sangchris. The Wr
values of > 15 inches increased from 104.2%,in 1979 to 106.1% in 1980, and
reached 117.4% in 1981, these high condition values indicate that food was not
a limiting factor and that densities of these fish were relatively low.
Increased stock density of largemouth bass, which resulted from the 15 inch
length limit, apparently exerted sufficient predation pressure to cause some
improvement in the bluegill population structure (Figs. 3.4, 3.5, and 3.6).
Proportional stock density (PSD) values for Lake Sangchris bluegills
progressively increased during the three post-management years (Table A3.6).
PSD values in 1979, 1980, and 1981 were 4.7; 8.9 and 15.4%, respectively. PSD
values of 20-40% are considered optimum for bluegills where both bluegill and
bass fishing are considered important. This improvement In the proportion of
quality length bluegills was also reflected in the creel survey data, as the
number of bluegill harvested and average weight of bluegill harvested both
increased from 1980 to 1981.
Length frequency distributions of gizzard shad were characterized as bimodal
and were similar over the three year study (Figs. 3.7; 3.8, and 3.9). The
population structure of gizzard shad was poor throughout the post-management
years. PSD values ranged from 1.0-1.9%, whereas recommended values range
from 20-60%.
The white crappie population In Lake Sangchris has undergone tremendous
expansion since the introduction of threadfin shad. Catch/effort data,
standing crop data, and creel survey data all indicated that a strong white
crappie fishery developed in Lake Sangchris. However, the length frequency
distribution of crappies in the three post-management years indicate a size
structure which has progressively worsened (Figs 3.10, 3.11, and 3.12). PSD
values in 1979, 1980, and 1981 were 70.5, 74.8, and 99.7; respectively (Table
A3.6). According to Anderson (1980), PSD values greater than 80% are
Indicative of populations with low or no annual reproduction. Crapples of
stock length (13 cm) were very rare in 1981, and only in 1979 did the
population structure appear balanced. Age and growth analysis (Job 7)
indicated a strong year class in 1978 and weak year classes in 1976 and 1977;
The large crappie harvest of 1980 and 1981 was probably supported largely by
the 1978 year class.
The Lake Sangchris channel catfish population has been characterized as having
faster than average growth (Joy and Tranquilli 1979) and a self-sustaining
level of natural reproduction since the original stocking. Length frequency
data (Figs. 3.13, 3.14, and 3.15) indicated a size structure composed of
principally 10-14 inch fish; that size group comprised from 61 to 75% of the
three October collections. However, the true size structure of any channel
catfish population would be difficult to assess by normal collecting methods.
The majority of the catfish In our quarterly samples were taken by gilllnet, a
method which tends to selectively capture larger-sized individuals.
The size structure of the yellow bass population in Lake Sangchris improved
during the post-management years (Figs. 3.16, 3.17; and 3.18). PSD values
rose from zero (no fish of quality length) in 1979 to 1.7% in 1980, and 6.8%
in 1981. Although recommended PSD values ranges have not been determined for
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Figure 3.14.
length frequencies In total length of channel catfish (mm) collected during the October
1980 quarterly sample in Lake Sangchris. Tabularized data give frequency, cumulative
frequency, percentage of total numbers, and cumulative percentage for the mid-point
total lengths.
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population. Also evident in the figures was the Increase in maximum total
length of yellow bass. In 1979, the largest speciman collected was 165 mm
TL, in 1980, 215 was the largest, and in 1981, 225 mm was the largest yellow
bass collected. We believe that with a stable threadfin shad population, the
yellow bass, which must compete with the threadfin shad-for food, will remain
at the low levels of abundance observed in the three post-management years
and, consequently, the size structure will show further improvement.
The length frequency distribution (Figs. 3.19, 3.20, and 3.21) of white bass
indicated that those populations were composed mainly of quality sized (>230
mm) fish (Anderson 1980). PSD values equalled 95.9%, 81.7%, and 77;1% for the
years 1979, 1980, and 1981, respectively (Table A3.6). The 1981 length
frequency data most closely resembled a balanced population. In all three
years maximum total length exceeded 400 mm indicating a longevity of five
years and a trophy size fish for Lake Sangchrls-anglers.
Standing Crop Surveys: Standing crop data from 1981 rotenone samples are
presented in the Appendix (Tables A3.4 and A3.5). Cove rotenone collections
were taken from the same two coves, one from the heated arm and one from the
ambient arm, in August and September of each year. Differences between
thermal areas were not examined and data from the two coves were averaged to
yield mean numbers and biomass by species by year (Table 3.3).
Weight (kg/ha) of piscivorous gamefish (largemouth bass, channel catfish,
white bass, and white crappie) increased progressively during the
post-management study (Table 3.3). In 1975 and 1976, piscivorous gamefish
comprised 2.4% (7;2 kg/ha) and 4.1% (20.5 kg/ha) of the total standing crop.
However, in 1979, 1980, and 1981, those same species comprised 7.1% (28.6
kg/ha), 15.5% (56.4 kg/ha), and 21.8% (90.4 kg/ha), respectively, of the total
standing crop. Jenkins (1975) reported that piscivorous gamefish comprised an
average of 15% of the total standing crop for reservoirs in the mid-south. In
Lake Sangchris most of the increase was due to a large increase in the channel
catfish population. The mean biomass of channel catfish during the post-
management period increased from 13.7:kg/ha in 1979, to 32.7:kg/ha in 1980,
and to 65.6 kg/ha in 1981. In order to gain a perspective on the channel
catfish standing crop values, note the following comparisons. Jenkins (1975)
reported a mean biomass of 9 kg/ha.from mid-south reservoirs, Carlander (1955)
reported a midwestern average of 15.6 kg/ha, and Tranquilli et al. (1979)
found the standing crop in Lake Shelbyville to be 2.5 kg/ha. In Coffeen Lake,
Illinois, Perry and Tranquilli (1981) reported a channel catfish standing crop
of 34.6 kg/ha. Coffeen Lake, a cooling lake in nearby Montgomery County, is
similar in many aspects to Lake Sangchris but it does not contain threadfin
shad which may explain why the standing crop reached a higher level in Lake
Sangchris.
The white crappie population also exhibited a progressive Increase in mean
standing crop biomass during the post-management years. In 1979, white
crappie were uncommon In cove rotenone samples, comprising less than 0.1% of
the total biomass. However, in 1980 and 1981 crappies made up 0.8% and 1.4%,
respectively, of the total biomass. Standing crop biomass estimates from Lake
Sangchrls in 1981 (Table 3.3) compare favorably with other reservoirs and
lakes. Jenkins (1975) reported an average for mid-south reservoirs of 5.0
kg/ha, Carlander reported a midwestern average of 29.4 kg/ha, and Tranquilli
et al. (1979) reported a biomass estimate of 4.0 kg/ha for Lake Shelbyville,
I I I inois.
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Largemouth bass standing crop estimates exhibited large increases over
pre-management years. The highest post-management biomass estimate (19.6
kg/ha) represented a four-fold increase over the highest pre-management
estimate. The increase in largemouth bass biomass placed Lake Sangchris well
above the 10 kg/ha average that Jenkins (1975) found in standing crop
estimates from mid-south reservoirs.
Another positive change in the standing crop data was the steady decline in
abundance of gizzard shad during the post-management years. Gizzard shad
standing crops which were increasing during the pre-management study to a high
of 407;3 kg/ha in 1976, declined steadily during the post-management study to
a low of 167;8 kg/ha in 1981. Anderson (1973) found that the best density of
adult gizzard shad was an intermediate (90 kg/ha) to low (27 kg/ha) value. At
high densities (168 kg/ha) the number and weight of young-of-the-year shad
produced was greatly reduced and the growth of the first year largemouth bass
was slowed (Anderson, 1973). It is apparent that in Lake Sangchris, although
gizzard shad standing crops have been reduced, further reduction would be
advantageous.
In contrast to the gizzard shad decline, and possibly a causitive factor in
their reduction, was a tremendous increase in biomass and percent total weight
of threadfin shad. In 1979, threadfin shad were found in only trace numbers
at 0.3 kg/ha and 79 individuals/ha. In 1980 and 1981, threadfln shad
comprised 6.4% (23.2 kg/ha) and 4.6% (19 kg/ha) of the total standing crop
estimate. Jenkins (1975) reported an average of 11.2 kg/ha for mid-south
reservoirs. Competition for food resources between the two species has been
difficult to pinpoint even though they eat similar food Items. Baker and
Schmitz (1971) found that the two species occupied different feeding
locations--threadfin were mainly limnetic feeders and gizzard shad were
primarily bottom feeders. Regardless, other investigators have reported a
decline in both numbers and condition of large established gizzard shad
populations following the introduction of threadfin shad. Baker and Schmltz
(1971) theorized that the cannibalistic tendency of adult threadfin shad may
have partially accounted for the decline of age 0 gizzard shad in Bull Shoals
Reservoir.
One negative aspect of the introduction of threadfin shad into Lake Sangchrls
was the potential for hybridization with gizzard shad. If substantial
hybridization occurs, then the control of the forage base by water
temperature during winter might be altered. In addition, the growth (maximum
TL) of hybrids might equal or exceed that of either parent. During 1980, we
identified (by gross morphological characteristics) 22 hybrid shad out of a
sample of 2,963 gizzard shad and 1,852 threadfin shad (0.45%.were hybrids).
In 1981, 56 hybrid shad were collected from a total sample of 6,823 gizzard
shad and 1,725 threadfin shad (0.65% were hybrids).
The average standing crop values of 360.8 kg/ha and 393.3 kg/ha for the pre-
and post-management periods, respectively, were intermediate between the 202
kg/ha reported for mid-south reservoirs (Jenkins 1975) and the 449 kg/ha
average for midwestern lakes reported by Carlander (1955). With the exception
of the modest increase in bluegill biomass, all of the changes and trends in
the post-management standing crop surveys were deemed beneficial. The weight
of gamefish increased and the weight of forage fish (except threadfin shad)
decreased. These standing crop values also indicate that Lake Sangchris has
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not experienced the effects of decreasing secondary production commonly
associated with the aging of a reservoir (Ploskey and Jenkins 1982).
Conclusions:
Examination of catch per unit effort (C/E) data revealed that piscivorous
gamefish (largemouth bass, channel catfish, white bass, and white crappie)
made up a larger percentage of the population in post-management years than in
pre-management years. During 1974, 1975, and 1976, piscivorous gamefish
comprised 25.2%, 25.9%, and 26.4%.of the total biomass collected, whereas, in
1979, 1980, and 1981, these same species contributed 39.5%, 38.3%, and 36.5%
of the biomass in C/E samples.
Catch/effort values for largemouth bass increased 48.5 percent from an average
of 9.7:in pre-management years to 14.4 in the post-management period. Post-
management abundance of yellow bass declined dramatically over pre-management
levels and may have been related to competition for food resources with
threadfln shad.
During the post-management period, the relative stock density value (RSD 15 )
for largemouth bass remained within the recommended range of 10-25% in spite
of very high fishing pressure. Relative-weight (Wr) values for largemouth
bass of smaller sizes (3.9-11.9 inches) were generally below optimum In the
post-management period, whereas values for bass 12.0 inches and larger were
usually in the optimum range or higher. Proportional stock density (PSD)
values for bluegills progressively increased during the three post-management
years but did not reach the optimum range. The white crappie population was
dominated by a strong year class produced in 1978.
Cove rotenone surveys showed the biomass of piscivorous gamefish (largemouth
bass, channel catfish, white bass, and white crappie) progressively increased
from 2.4% and 4.1% of the total standing crop in 1975 and 1976, respectively,
to 7.1%,in 1979, 15.5%,in 1980, and 21.8% in 1981. The pre-management
standing crop of largemouth-bass increased from an average of 3.5 kg/ha to
15.9 kg/ha during the post-management period. The standing crop of gizzard
shad, which was increasing during the pre-management period, declined during
the post-management period to a low value of 167.8 kg/ha in 1981. In
contrast to the gizzard shad decline, and possibly a causitive factor In
their reduction, was a tremendous increase in biomass of threadfin shad. In
1979, threadfin shad did not overwinter and they were found only In trace
numbers, but In 1980 and 1981 when they overwintered, their standing crop was
23.2 and 19 kg/ha, respectively.
Relatively low rates of hybridization between threadfin and gizzard shad were
observed from gross morphological characteristics. The rate of hybridization
was .0045 in 1980 and .0065 in 1981.
When compared to pre-management years (1974-1976), the imposition of the 15-
inch length restriction on largemouth bass and introduction of threadfin shad
into Lake Sangchris during 1979-1981 improved the fish population structure
and the relative abundance of sportfish to rough and forage fish. The
combination of these two management practices (harvest restriction and
introduction of a temperature sensitive forage species) can be expected to
yield beneficial results in Illinois cooling lakes.
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Table A3.4. Standing crop of fish in the discharge arm of Lake Sangchris
during September 1981. The cove selected was 1.3 hectares in
size.
Average number Average biomass Percent composition
Species (fish/ha) (kg/ha) (% total biomass)
Largemouth bass 315 18.8 4.3
Gizzard shad 12,259 195.6 44.6
Threadfin shad 2,772 3.3 0.8
Carp 155 84.9 19.4
Bluegill 6,009 19.4 4.4
Green sunflsh 18 0.7 0.2
Channel catfish 473 89.6 20.4
Flathead catfish -
White bass 25 0.6 0.1
Yellow bass 208 0.71 0.2
White crappie 19 2.8 0.6
Golden shiner 28 0.7; 0.2
Red shiner 8 0.0 0.0
Black bullhead -
Yellow bullhead 10 1.0 0.2
Blackstripe topminnow O- --
Green sunfish x bluegill - --
Freshwater drum 268 20.3 4.6
Hornyhead chub - -
Striped shiner --
Bigmouth shiner
White sucker
Striped x golden shiner -
Brook s Ilversides 191 0.2 0.0
Total 22,758 438.6 100.0
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Table A3.5. Standing crop of fish in the ambient arm of Lake Sangchris during
August 1981. The cove selected was 1.8 hectares in size.
Average number Average biomass Percent composition
Species (fish/ha) (kg/ha) (% total biomass)
Largemouth bass 131 14.2 3.6
Gizzard shad 5,345 140.0 35.8
Threadfin shad 15,675 34.7v 8.9
Carp 51 50.7 13.0
Bluegill 3,492 41.3 10.6
Green sunfish 31 0.5 0.1
Channel catfish 216 41.4 10.6
Flathead catfish .
White bass 164 4.7 1.2
Yellow bass 114 1.6 0.4
White crappie 61 8.7: 2.2
Golden shiner 27' 1.2 0.3
Red shiner --
Black bullhead -
Yellow bullhead 19 1.1 0.3
Blackstripe topminnow -- -
Green sunfish x bluegill -
Freshwater drum 369 51.1 13.0
Hornyhead chub -- -
Striped shiner --
Bigmouth shiner -- --
White sucker
Striped x golden shiner -- --
Brook silversides 27: 0.03 0.0
Total 25,722 391.23 100.0
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Table A3.6. Proportional
and relative
bass In Lake
stock density (PSD) values for five fish species
stock density (RSD380 mm) values for largemouth
Sangchris during the period 1979-1981.
Species
Bluegill
Gizzard shad
White bass
White crappie
Yel low bass
Largemouth bass
(RSD380 mm)
*Stock and quality
Stock*
length
(mm)
76
180
150
130
130
200.
Qual ity
length
(mm)
152
280
230
200
200
300
Length
1979
4.7
1.4
95.9
99.7
0
15.8
Frequency
1980
8.9
1.0
81.7
74.8
1.7
16.1
lengths (TL) were taken from Anderson (1980).
Indices
1981
15.4
1.9
77.1
70.5
6.8
11.0
- ---
--
Table A3.7. Mean relative weight (Rw) values for four size groups of
largemouth bass from the post-management years,..1979-1981.
Sample sizes are in parenthesis.
Size group
(mm)
< 203
203 - 304
305 - 380
> 381
1979
97.3 (57)
91.3 (61)
95.9 (32)
104.2 (25
1980
90.2 (64)
90.2 (65)
90.9 (45)
106.1 (39)
1981
90.9 (90)
98.1 (60)
103.9 (38)
117.4 (16)
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Job No. 4. Collect quarterly samples of ingested foods from young-of-the-
year, sub-adult, and adult largemouth bass.
Materials and Methods:
Largemouth bass for stomach analysis were collected by seining and
electrofishing. Bass shorter than approximately 210 mm TL were put on ice and
later preserved in formalin or frozen. Stomachs from these fish were removed
in the laboratory and the food items flushed out with water. Stomach items
from larger bass were collected and preserved in the field. Stomach tubes
made of plexiglass tubing 300 mm long were inserted into the largemouth bass
stomach, filled with water, and the fish inverted (caudal fin up) to shake the
food out. Food that stuck in the tube was removed when the tube was removed
from the bass. Outside diameters of the seven tubes were 18, 22, 25, 32, 38,
45, and 50 mm and the wall thickness varied from 2-4 mm. Van Den Avyle and
Roussel (1980) sacrificed 266 black bass to determine that the stomach tube
method was 100% accurate in Identifying the presence of food and 99.6%
successful in removing the food. This method allowed us to examine large
numbers of adult fish without sacrificing them.
In 1979, largemouth bass food analysis was divided Into four categories: young-
of-the-year, 0-199 mm TL (1+ and older), 200-299 mm TL, and 300 mm TL and larger.
Because our length frequency data indicated that young-of-the-year bass could
not be reliably separated from 1+ bass, we did not attempt to separate young-
of-the-year food habits after 1979. Also, because bass in Lake Sangchris did
not eat fish at sizes smaller than 60 mm TL, only stomachs from 60 mm TL and
larger fish were examined after 1979. All food Items, except for young-of-
the-year in 1979, were separated and weighed to the nearest 0.0001 g and
represented an average weight percentage according to methods outlined by Sule
(1981).
Food from young-of-the-year largemouth bass was Identified and its presence
noted. We did not calculate weight or number of the food items for young-of-
the-year bass since we were more concerned about the presence or absence of
food types in order to determine when they became piscivorous.
Tables 4.3 to 4.5 have been compiled to summarize the pertinent Information
from 1979-1981 data. Some food items were not included in these tables
because they did not appear to be Important in our analysis. See Appendix 4
for the complete 1979-81 food habits data set.
White crappie for stomach analysis were collected during October of 1980 and
during September and November of 1981. The white crappie were collected by
electrofishing and were preserved on ice and then frozen for future removal
of stomach contents. Contents from white crappie stomachs were represented
as percent occurrence.
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Results and Discussion:
Largemouth Bass:
From 1979-1981, 2,333 largemouth bass were examined for food items. Of
these, 1,115 (47.7%) were empty.
During 1979, 172 young-of-the-year largemouth bass were examined for food. Of
these 18.5% were empty and 145 (81.5%) contained food (Table 4.1). The most
important food category (importance is relative to the percentage of stomachs
containing a particular food) was aquatic insects with 16% (23) of the
stomachs examined containing Chironomidae, 22% (31) Ephemeroptera, 16% (23)
Zygoptera, and 1% (2) Anisoptera. The next most important food Item was fish
with 20% (29) containing unidentifiable fish, 1% (1) Lepomis spp., 27% (39)
bluegill, and 1% (2) threadfin shad. Zooplankton was the third most important
item with 17% (25) containing Cladocera, and 12% (17) containing Copepoda.
Only 1 to 3% of the stomachs contained other types of food Items (Table 4.1).
During 1979, young-of-the-year largemouth bass of similar lengths consumed
similar food types (Table 4.2). Bass from 20-69 mm TL ate mostly zooplankton
and aquatic insects. From 60-100 mm TL, aquatic insects along with fish made
up a majority of the diet and bass > 100 mm TL ate mostly fish. By the time
young-of-the-year largemouth bass were > 120 mm TL they fed exclusively on
fish. Terrestrial arthropods were eaten by bass from 50-119 mm TL and were
most important to bass from 60-99 mm TL. Sule (1981) studied food habits of
Lake Sangchris young-of-the-year largemouth bass from 1975-1976. No major
differences were found between our data and those of Sule.
Young-of-the-year largemouth bass in Lake Sangchris ate similar foods at
similar lengths as those reported in other studies (Carlander 1977, McGammon
et al. 1964). The primary difference, and one that is difficult to explain,
is that young-of-the-year bass in Lake Sangchris did not eat small Dorosoma
spp. while bass in Bull Shoals and Beaver reservoirs ate small shad (18 mm TL)
when only 40-48 mm TL.
Because we did not have comparable data on food consumption of bass larger
than young-of-the-year from the period before the management strategy was
applied, it was necessary to use 1979 data as the premanagement comparison.
This was possible because during 1979 populations of threadfin shad were very
low (see Job No. 3), and the 15-inch size limit for largemouth bass had only
been in effect for that year. In addition, our 1979 food habit samples from
largemouth bass showed that very few threadfin shad were eaten.
From 1979-1981, largemouth bass from 60 to 199 mm TL ate by weight from 22 to
100% fish (Table 4.3). During 1979, bluegill and gizzard shad made up a
majority of the stomach contents. Threadfin shad were not found in smaller
largemouth bass stomachs until the fourth quarter during 1979. Surprisingly,
during 1980 and 1981, there was very little change in the diets of the 60 to
199 mm TL bass. The only noticeable change was an increase in consumption of
threadfin shad during the third quarter of both years. One explanation for
this increase may be the difference in growth rates between gizzard and
threadfin shad. By the third quarter in 1979, the gizzard shad had grown too
large to be forage for the 60-199 mm TL largemouth bass (see Job No. 3). In
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Table 4.1. Food items found in young-of-the-year largemouth bass in Lake
Sangchris from June to October 1979. Numbers are the number of
stomachs in which a particular food item was found and the
number in parentheses show the percentage of. all the stomachs
with food which that category represented.
June July Aug Sept Oct Total
Zooplankton
Cladocera 8(62) 13(72) 1( 8) 3( 6) 25(17)
Copepoda 7(54) 10(56) 17(12)
Aquatic insects
Chironomidae 7(54) 6(33) 2(15) 7(13) 1( 2) 23(16)
Ephemeroptera 2(15) 8(44) 6(46) 15(28) 31(22)
Zygoptera 3(23) 5(28) 3(23) 12(22) 23(16)
Anisoptera 2( 4) 2( 1)
Hemiptera
Mesoveliidae
Gerridae
Corixidae
Terrestrial arthropods
Zygoptera 1( 8) 20(37) 2( 4) 23(16)
Fish 4(31) 8(15) 17(31) 29(20)
Leomis 1( 2) 1( 1)
Bluegill 14(26) 25(46) 39(27)
Dorosoma
Threadfin shad 2( 4) 2( 1)
Gizzard shad
Nematoda 4(31) 11(20) 1( 2) 16(11)
Plant matter 2(15) 1( 6) 1( 2) 4( 3)
Unidentified organic 1( 6) 1( 2) 1( 2) 3( 2)
Inorganic material 1( 2) 1( 2)
Crayfish 1(.8) 2( 4) 3( 2)
Stomachs with food 13 18 13 54 46
Percentage empty 13 11 33 6 47:
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Table 4.2. Food items found in young-of-the-year
size groups during 1979. Numbers are
food item was found in and numbers in
percentage of the fish examined (full
that item.
largemouth bass in 10 mm
the number of stomachs a
parentheses are the
stomachs) that contained
20-29 30-39 40-49 50-59 60-69 70-79
Zooplankton
Cladocera 10(77 5(100) 3(43) 4(31) 3(16)
Copepoda 3(23) 3( 60) 3(43). 2(15)
Aquatic insects
Chironomidae 6(46) 3( 60) 2(29) 5(38) 3(16) 2(18)
Ephemeroptera 1( 8) 2( 40) 3(43) 6(46) 8(42) 2(18)
Zygoptera 1( 8) 3( 60) 2(29) 7(54) 5(26) 2(18)
Anisoptera 2(11)
Hem iptera
Mesoveliidae
Gerridae
Corixidae 2(11)
Terrestrial arthropods 2(15) 8(42) 5(45)
Zygoptera
Fish 3(16) 2(18)
Lepomis
Bluegill 1( 5) 3(27)
Dorosoma
Threadfin shad
Gizzard shad
Nematoda 2(15) 6(32) 3(27)
Plant matter 1( 8) 1( 20) 1(14) 1( 5)
Unidentified organic 1( 8)
Inorganic material
Crayfish 1(14)
Fish examined 13 5 7' 13 19 11
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Table 4.2. (continued).
80-89 90-99 100-109 110-119 120-200
Zooplankton
Cladocera
Copepoda
Aquatic insects
Chironomidae 2(13)
Ephemeroptera 5(33) 2(15) 1(11) 1(17)
Zygoptera 2(13) 1(17)
Anisoptera
Hemiptera
Mesoveli idae
Gerridae
Corixidae 2(13)
Terrestrial arthropods 3(20) 3(23) 1(11) 1(17)
Zygoptera
Fish 4(27) 6(67) 1(17) 10(29)
Lepomis 4(31)
Bluegill 3(20) 4(31) 2(18) 2(33) 22(63)
Dorosoma
Threadfin shad 2( 6)
Gizzard shad
Nematoda 4(27) 1(17)
Plant matter
Unidentified organic 1( 8)
Inorganic material
Crayfish 2(13)
Fish examined 15 13 9 6 35
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Table 4.3. Average weight percentage of fish found in largemouth bass
(0-199 mm TL) stomaches in Lake Sangchris from 1979-1981.
J-M = January through March; A-J = April through June; J-S =
July through September; and 0-D = October through December.
J-M A-J J-S C-D
1979
Fish 21.91 90.00 100.00
LepomIs spp. 46.71 54.76
L. macrochirus 46.71 51.85
Dorosoma spp. 18.08 3.33 7.41
D. cepedianum 3.33
D. petenense 7,41
1980
Fish 38.10 25.00 66.67' 49.45
Lepomis spp. 4.40
L. macrochirus 3t30
Dorosoma 4.76 66.67 24.18
D. cepedianum
D. peteenese 16.67. 8.79
1981
Fish 69.84 50.42 100.00
Lepomis 10.00 7.69 14.29
L. macrochirus 10.00 7,69
Dorosoma .7,69 57,14
D. cepedianum
D. petenense 34.81
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contrast, during summer and fall 1980 and 1981, large numbers of forage-size
threadfin shad were available to bass in this size group.
Largemouth bass in the 200-299 mm TL group showed a higher preference for
fish in their diet, with percent weights of fish ranging, from 71.06 to 100%.
(Table 4.4). From 1979-1981, the only noticeable difference in food habits
of this size group was in the proportion of Dorosoma spp. eaten. In 1979,
nearly all of the Dorosoma spp. eaten were gizzard shad, but in 1980 and
1981, threadfin shad made up a majority of the Dorosoma spp. consumed.
Because there was not an increase in the overall consumption of Dorosoma spp.
between 1979 and 1980-1981, it is apparent that there was a shift In food
habits in this group of largemouth bass to a diet of threadfin shad. These
changes are consistent with the tremendous increase In threadf n shad blomass
between years and the reduction of numbers of gizzard shad (see Job No. 3).
Largemouth bass 300 mm TL and larger ate almost entirely fish with percent
weights ranging from 75.53 to 100.00%, During our three year study there was
only one quarter when threadfin shad made up a majority of the Dorosoma spp.
eaten (Table 4.5). In all other quarters only a small percentage weight of
all items consumed were threadfin shad. No other changes were noted in the
diet of the 300 mm TL and larger group from 1979 to 1980-1981.
In summary, there were no major differences in diet of largemouth bass from
1979 to 1980-1981 except for Dorosoma spp. Consumption of Dorosoma spp.
changed dramatically in 1980 and 1981 with an increase in the percentage-
weight of threadfin shad eaten. During 1980 and 1981, bass from 0-199 mm TL
and 200-299 mm TL ate by far a greater weight of threadfin shad than gizzard
shad. This shift in food preference was not apparent In the diet of
largemouth bass greater than 300 mm TL.
White Crappie:
During 1980 and 1981, white crappie In Lake Sangchris fed heavily on Dorosoma
spp. (Table 4.6). In our 1980 sample, 70.13% of the stomachs examined had
one or more shad and in 1981, 90.1% contained one or more shad. Although
there is no comparative data, it Is likely that before introduction of
threadfin shad, gizzard shad made up an important component of the crapple
diet. It Is also likely that because of their relatively fast growth rate in
Lake Sangchris, gizzard shad were out of the crappie forage range by late
summer. In our October 1980 C/E sample, threadfin shad ranged from 50 to 110
mm TL with a frequency peak at 85 mm TL. At the same time, young-of-the-year
gizzard shad ranged from 70 to 140 mm TL with a frequency peak at 105 mm TL.
Only 15 gizzard shad were collected that were less than 110 mm TL while 190
threadfin shad collected were less than 110 mm TL. Because a majority of the
shad removed from the crappie stomachs during 1980 were less than 110 mm TL,
it was probable that they were threadfin shad. Similar observations were made
in 1981. Although these data are deficient In several respects, it is likely
that the introduction of threadfin shad into Lake Sangchris has benefited the
white crappie population by making available a better forage base.
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Table 4.4. Average weight percentage of fish found in largemouth bass (200-
299 mm TL) stomachs in Lake Sangchris from 1979-1981. J-M =
January through March; A-J = April through June; J-S = July
through September; and 0-D = October through December.
J-M A-J J-S 0-D
1979
Fish 82.45 71.06 96.90
Lepomis 7,83 13.17 33.84
L. macrochirus . 4.14 13.17, 25.36
Dorosoma 67,41 47;37 29.78
D. cepedianum 67,41 47;37 8.16
D. petenense 15.50
1980
Fish 99.46 97.22 83.33 90.32
Lepomis 46.31 5.56 16.67 38.71
L. macrochirus 31.60 5.56 8.33 27.96
Dorosoma 25.71 77.78 50.00 26.88
D. cepedianum 5.71 13.89 1.08
D. petenense 8.57: 55.56 16.67: 21.51
1981
Fish 100.00 97.14 87.98 100.00
Lepomis 46.67 16.43 26.28 11.11
L. macrochirus 33.33 11.43 6.28
Dorosoma 67,59 18.54 55.56
D. cepedianum 14.02
D. petenense 39.90 22.22
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Table 4.5. Average weight percentage of fish found in largemouth bass (300
mm TL and larger) stomachs in Lake Sangchris from 1979-1981.
J-M = January through March; A-J = April through June; J-S = July
through September; and 0-D = October through December.
J-M A-J J-S O-D
1979
Fish 84.80 79.74 97.00
Lepomis 6.86 20.88 15.48
L. macrochirus 5.76 16.88 14.99
Dorosoma 64.99 58.54 58.76
D. cepedianum 64.99 58.54 44.10
D. petenense 5.88
1980
Fish 88.39 100.00 90.91 97.56
Lepomis 34.70 24.39
L. macrochirus 22.20 17,07
Dorosoma 46.95 90.32 77.27: 53.66
D. cepedianum 15.20 35.48 45.45 48.78
D. petenense 0.98 25.81 4.55 4.88
1981
Fish 99.60 96.25 75.53 93.75
Lepom s 25.26 4.17 18.18 29.19
L. macrochirus 20.71 2.08 25.21
Dorosoma 71.04 77.73 45.45 32.61
D. cepedianum 63.64 55.41 17.44
D. petenense 13.31 3.13
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Table 4.6. Percent occurrence of food items In stomachs of white crappie
containing food during 1980 and 1981. The 1980 sample was
collected in October and the 1981 sample on 16 September and 4
November.
Food Item 19801 19812
Fish 100.00 97.8
Unidentified Fish 36.36 5.5
Dorosoma spp. 70.13 90.1
D. petenense 53.25*
D. cepedianum 1.30*
Lepois spp. 1.30 1.1
L. macroch i rus 1.1
Aquatic Insects 11.69 19.8
*Species estimated from total lengths (see text).
1N = 97 fish; 77 contained food; average size 210 mm TL.
2N = 125 fish; 91 contained food; average size 240 mm TL.
4-10
Conclusions:
Food habits of young-of-the-year largemouth bass were examined in 1979. Fish
began to appear in the diet of young-of-the-year bass after they reached 60
mm TL and dominated the diet by the time they reached 120 mm TL. After 1979,
we did not examine young-of-the-year fish smaller than 60 mm TL for food
habits. Quarterly food habit samples of largemouth bass In the 60-199 mm TL
group from 1979-1981 indicated a shift to consumption of threadfin shad
during the July-September period of 1980 and 1981. Quarterly food habit
samples of largemouth bass in the 200-299 mm TL group revealed that gizzard
shad were predominant in 1979 when threadfin shad population biomass was low,
but shifted to consumption of threadfin shad in 1980 and 1981 when that
species became highly abundant. Quarterly food habit samples of bass 300 mm
TL and larger indicated that fish of this size preferred gizzard shad
throughout the study period. Food habits of white crappie were examined
during the fall of 1980 and 1981 and showed a high percentage occurrence of
smaller shad which were believed to be threadfin based on size availablility.
Apparently the introduction of threadfin shad into Lake Sangchrls did not
increase the amount of food eaten by largemouth bass. The benefit of the
introduction is that they did not grow out of the forage size for bass and
apparently displaced many of the gizzard shad (see Job No. 3). Also, by
introducing threadfin shad the number of available prey items Increased (by
replacement of larger gizzard shad to smaller threadfin shad) and a possible
reduction of growth rate of largemouth bass due to stockpiling below the
15-inch size limit may have been averted.
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A4.1. Average weight percentage of foods found in largemouth bass (0-199
mm TL) from Lake Sangchrls during 1979.
Food items April July October
Decapoda 1.79 3.33
Aquatic insects 28.67
Ephemeroptera nymphs
Fish 21.91 90.00 100.00
Lepomis spp. 46.71 54.76
L. macroch irus 46.71 51.85
L. cyanel 1-us
Micropterus salmoides 6.67
Dorosoma spp. 3.33 7.41
D. cepedianum 18.08 3.33
D. petenense 7.41
Notropis sspp.
Annelida 1.79
Unidentified matter 45.84 6.67
Number examined 123 48 44
Number empty 67 18 17
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A4.2. Average weight percentage of foods found
mm TL) from Lake Sangchrls during 1979.
in largemouth bass (200-299
Food items April July October
Decapoda 1.11 1.06
Aquatic insects 0.07 5.26
Ephemeroptera nymphs
Fish 82.45 71.06 96.90
Lepomis spp. 7.83 13.17 33.84
L. macrochirus 4.14 13.17 25.36
L. cyanellus
Micropterus salmoides 1.11 2.61
Dorosoma spp. 67.41 47.37 29.78
D. cepedianum 67.41 47.37 8.16
D. petenense 15.50
Notro ps spp. 1.11 2.66
AnnelIda
Unidentified matter 16.37 23.67 2.04
Number examined 180 37 80
Number empty 89 18 31
4-13
A4.3. Average weight percentage of foods found in largemouth bass (300 mm
TL+) from Lake Sangchris during 1979.
Food items April July October
Decapoda 0.83 0.24 2.94
Aquatic Insects 0.04 0.06
Ephemeroptera nymphs 0.06
Fish 84.80 79.74 97.00
Lepomis spp. 6.86 20.88 15.48
L. macroch irus 5.76 16.88 14.99
L. cyanellus 4.00
MicroDpterus salmoides
Dorosoma spp. 64.99 58.54 58.76
1. cepedianum 64.99 58.54 44.10
D. petenense 5.88
Notrop is spp.
Annellda
Unidentified matter 14.34 20.02
Number examined 184 48 69
Number empty 93 23 35
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A4.4. Average weight percentage of foods found in largemouth bass (0-199
mm TL) in Lake Sangchris during 1980. J-M = January through March;
A-J = April through June; J-S = July through September; and 0-D =
October through December.
J-M A-J J-S O-D
Zooplankton 0.79
Aquatic Insects 33.33 41.67 35.71
Terrestrial arthropods 12.50 33.33 5.49
Decapoda
Fish 38.10 25.00 66.67 49.45
Lepomis spp. 4,40
L. macrochirus 3.30
L. cyanellus 1.10
Mlcropterus salmo ides
Pomoxis annularis
Dorosoma spp. 4.76 66.67 24.18
2. cepedianum
j2. petenense 16.67 8.79
Cyprinldae
Notropis spp.
N. lutrensls
Lab-idesthes sJiccu Ius
Annelida
Plant matter 4.17
Amphibian
Tadpole
Unidentified matter 28.57 16.67 0.55
Number empty 11 6 14 35
Number examined 32 30 20 126
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A4.5. Average weight percentage of foods found in largemouth bass (200-299
mm TL) in Lake Sangchris during 1980. J-M = January through March;
A-J = April through June; J-S = July through September; and 0-D =
October through December.
J-M A-J J-S O-D
Zooplankton
Aquatic Insects 8.33 2.15
Terrestrial arthropods 2.78 2.15
Decapoda 8.33 1.08
Fish 99.46 97.22 83.33 90.32
Lepomis spp. 46.31 5.56 16.67 38.71
L. macrochirus 31.60 5.56 8.33 27.96
L. cya.nel-lus 1.08
MIcropterus salmoides
PomoxIs annular is 1.08
Dorosoma spp 25.71 77.78 50.00 26.88
D. cepedianum 5.71 13.89 1.08
2. petenense 8.57 55.56 16.67 21.51
Cyprlnidae 2.78 1.08
Notropis spp. 2.78 1.08
. lutraensjs 1.08
Labidesthes sjcculus 1.08
Annelida
Plant matter 0.54
Amphibian 2.15
Tadpole 1.08
Unidentified matter 1.08
Number empty 50 21 14 56
Number examined 84 57 26 149
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A4.6. Average weight percentage of foods found in largemouth bass (300 mm
TL and longer) In Lake Sangchris during 1980. J-M = January through
March; A-J = April through June; J-S = July through September; and
O-D = October through December.
J-M A-J J-S O-D
Zooplankton
Aquatic Insects
Terrestrial arthropods 2.44
Decapoda 11.34 9.09
Fish 88.39 100.00 90.91 97.56
Lepomis spp. 34.70 24.39
L. macrochirus 22.20 17.07
L. cyanellus 2.44
MIcrOpterus salmoides
Pomoxls annul aris
Dorosoma spp. 46.95 90.32 77.27 53.66
D. cededianum 15.20 35.48 45.45 48.78
D. petenense 0.98 25.81 4.55 4.88
Cyprlnidae 4.55
Cyprinus carpio 4.55
Notrop Is spp.
-1. Lutrens is
Labidesthes sicculus 2.44
Annelida
Plant matter 0.23
Amphibian
Tadpole
Unidentified matter 0.04
Number empty 60 49 34 48
Number examined 92 80 56 89
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A4.7. Average weight percentage of foods found in largemouth bass (0-199
mm TL) In Lake Sangchrls during 1981. J-M = January through March;
A-J = April through June; J-S = July through September; and O-D =
October through December.
J-M A-J J-S 0-D
Decapoda 15.38
Aquatic Insects 30.16 7.69
Zyqoptera Nymph 0.16
Anisoptera Nymph 20.00
Doptera Larvae 10.00 7.69
Chironomldae 10.00
Ephemeroptera Adults
Terrestrial Insecta 20.52
Fishes 69.84 50.42 100.00
Lepomis spp. 10.00 7.69 14.29
L. macrochlrus 10.00 7.69
L. cyanel us 14.29
Dorosoma spp. 7.69 57.14
D. peteennse 34.81
D. cepedianum
Pomoxi s ann u ari s
Mlcropterus salmoides
Labldesthes siccul us
Cyvprinus carpio
Ictalurldae
Amphibian
Plant Matter 5.98
Unidentified matter
Stomachs examined 32 46 7 1
Stomachs empty 22 33 0 1
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A4.8. Average weight percentage of foods found in largemouth bass (200-299
mm TL) in Lake Sangchris during 1981. J-M = January through March;
A-J = April through June; J-S = July through September; and O-D =
October through December.
J-M A-J J-S O-D
Decapoda 2.86 10.00
Aquatic Insects
Zyqoptera Nymph
Anisoptera Nymph
Diptera Larvae
Chironomidae
Ephemeroptera Adults
Terrestrial Insecta
Fishes 100.00 97.14 87.98 100.00
Lepomls spp. 46.67 16.43 26.28 11.11
L. macrochirus 33.33 11.43 6.28
L. cyanellus 2.15
Dorosoma spp. 62.59 18.54 55.56
D. petenense 39.90 22.22
D. cepedianum 14.02
Pomoxl s annu-lar-is
Micropterus salmoides 2.86 12.42
Labidesthes scu I us 2.86
Cyprinus carpio
Ictaluridae 2.76
Amphibian
Plant Matter 2.02
Unidentified matter
Stomachs examined 35 73 19 18
Stomachs empty 20 38 9 9
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A4.9. Average weight percentage of foods found in largemouth bass (300 mm
TL and longer) in Lake Sangchris during 1981. J-M = January through
March; A-J = April through June; J-S = July through September; and
O-D = October through December.
J-M A-J J-S 0-D
Decapoda 3.75 7.94 5.64
Aquatic Insects
Zyqoptera Nymph
Anisoptera Nymph
Diptera Larvae
Chironomidae
Ephemeroptera Adults 0.48
Terrestrial Insecta
Fishes 99.60 96.25 75.53 93.75
Lepomis spp. 25.26 4.17 18.18 29.19
L. macroch rus 20.71 2.08 25.21
L. cyanel lus
Dorosoma spp. 71.09 77.73 45.45 32.61
D. petenense 13.31 3.13
J. cepedianum 63.64 51.41 17.44
Pomoxis annularlis 2.08
Mi cropterus salmo des
Labidesthes siccul]us
Cyprinus carpio 3.06
Ictaluridae
Amphibian 0.61
Plant Matter 0.41 6.96
Unidentified matter 9.09
Stomachs examined 69 109 33 64
Stomachs empty 47 61 22 32
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Job 5. Determine whether the management strategy, imposition of a 15-inch
length limit for largemouth bass and the introduction of threadfin
shad, has improved the quality of fishing in Lake Sangchris by
conducting year-round creel surveys In 1980 and 1981 and comparing
the data with sportfishing harvest information obtained during three
previous creel surveys.
Materi as and Methods:
Lake Sangchrls was divided Into three sections for creel sampling purposes due
to its unusual morphology (Fig. 5.1) and relatively large size (2,165 acres).
The three sections were named the west, middle, and east arms of the lake and
comprised of 707, 790, and 613 acres, respectively (Fig. 5.1). The middle arm
of the lake receives the heated discharge from Kincaid Generating Station, a
1,232-MeW coal-fired electric generating facility. The heated middle arm Is
thus open to fishing throughout the year, whereas the east and west arms
represent ambient temperatures and often freeze during mid-winter. In
addition, the east and west arms are closed to fishing during the waterfowl
hunting season for a period of 7 to 8 weeks beginning in mid-October.
The roving creel survey techniques we used during 1980 and 1981 were
modifications of methods outlined by Starrett et al. (1963) and followed
procedures previously utilized on this lake by Dreier (1975), McNurney and
Dreier (1977; 1981), and McNurney and Frakes (1979). These techniques
provided unbiased sampling and estimation procedures for creel censuses of
fishermen as suggested by Robson (1960, 1961).
Throughout both sampling years, the creel clerk worked on an eight day
schedule, with six creel days followed by two days of rest. A stratified
schedule was devised so that instantaneous counts of fishermen were made
equally among all hours of the day and all days of the week within each three
month creel period (season) for each section of the lake. January, February,
and December represented the winter season; March, April, and May represented
the spring; June, July, and August represented the summer; and September,
October, and November represented autumn. Fishable hours used in this study
were 12 h/day during spring, 15 h/day during summer, 12 h/day during autumn,
and 9 h/day during winter.
The creel projections were based upon the instantaneous counts of fishermen
according to type (either boat or bank) within each section of the lake and
upon Information obtained during fisherman contacts. Interviews were
conducted with fishermen who had both completed and not yet completed their
fishing trips. Malvestuto et al. (1978) verified that either Incompleted or
completed fishing trips were unbiased estimators of catch per unit effort.
During the interview, the creel clerk recorded the time spent fishing and the
species, number, and weight of fish captured. In addition, he asked about the
species of fish sought, the distance traveled to reach the lake, the number of
bass < 15-Inches that were captured and released as a result of the length
restriction, and finally, whether the fisherman's attitude was positive,
negative, or Indifferent toward the length restriction limiting his harvest of
largemouth bass.
The average size of the largemouth bass captured by fishermen and returned to
the lake was believed to be between 10 and 15 inches total length. The
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Figure 5.1. The three sections of Lake Sangchrls sampled during the creel
surveys were the east (ambient), middle (heated), and west
(amblent) arms and they comprised 613, 790, and 707 acres,
respectively.
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average weight of 306 fish within this size range was determined from lengths
and weights of fish captured during our quantitative (C/E) electroffshing,
gill netting, and seining samples to be 0.8656 Ibs. or 0.3926 kg.
An IBM 360/75 computer, located on the University of Illinois campus, Urbana,
was utilized for data compilation and analyses using SAS 76.5 procedures (Barr
et al. 1976). Fishing effort was determined from the instantaneous counts by
multiplying the average number of fishermen In a particular category by the
number of fishable hours per day and then by the number of days in the month
and/or season. The three sections of the lake had different areas, so the
catch per unit area was determined for each section, fishing type, month, and
season. The catch rate for each species was determined for boat and bank
fishermen by dividing the number of fish caught by the actual number of hours
fished. The catch rate was multiplied by the projected fishing effort to
obtain the harvest estimate for each species.
In this study, metric equivalents were not used to denote angling success
because the typical American fisherman has traditionally measured his catch In
pounds of fish caught per acre of surface area (1 pound = 0.454 kg; 1 acre =
0.4047:ha; 1 Ib/acre = 1.1218 kg/ha).
Results and Discussion:
Fishing Effort: Total fishing effort (man-hours) was approximately equal
among boat (56.2%) and shore (43.8%) fishermen at Lake Sangchrls during 1981
(Table 5.1). Shore fishermen accounted for 59.3 percent of the 63,969 angler
trips, while boat fishermen accounted for only 40.7 percent, but the greater
average trip length of boat fishermen resulted in a somewhat greater fishing
effort from boat fishermen. As would be expected, average length was
greatest in summer (4.04 hours), but paradoxically it was lowest In spring
(2.86 hours) when fishing success (fish/hour) was best for many species,
i.e., white crappie, largemouth bass. Fishing effort during 1981 showed a
dramatic increase over 1980 fishing effort. Man-hours per acre exhibited an
Increase In all four seasons and the annual total increased from 65.2
(man-hours/acre) to 103.5 (man-hours/acre). Number of trips Increased from
35,516 to 63,969, but average trip length decreased from 3.77 hours In 1980
to 3.5 hours during 1981.
The fishing effort (man-hours/acre) In Lake Sangchris during 1981 was not
evenly distributed among seasons of the year or arms of the lake. Of the
total number of man-hours spent fishing (218,426), the greatest percentage of
effort occurred during the summer season (42.1%), and was followed In
decreasing order by spring (37.7%), autumn (13.4%), and winter (6.9%) (Table
5.2). Fishing effort was concentrated in the middle (heated) arm of the
lake. The heated arm received 130.8 man-hours of fishing pressure per acre,
whereas the east and west arms received 99.1 and 76.9 man-hours,
respectively. Fishing pressure was concentrated in the heated middle arm of
the lake throughout the year, even during the summer season. During the
winter season, 68.5 percent of the fishing effort was expended In the middle
arm. The greater fishing pressure in the heated middle arm can be partially
attributed to a larger quantity of accessible shoreline (McNurney and Frakes
1979) and greater convenience for the shore fisherman (i.e., distance from
parking areas).
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Table 5.1. Seasonal fishing effort (man-hours/acre)
Lake Sangchris during 1980 and 1981.
by fisherman type (boat or shore) at
1980 1981
Man-hours Average Number of Man-hours Average Number of
Season per acre trip length trips per acre trip length trips
Winter
Boat 2.185 4.19 1,102 5.44 4.01 2,863
Shore 0.699 2.45 603 1.67: 2.65 1,328
Combined 2.885 3.58 1,705 7511 3.58 4,191
Spring
Boat 11.238 4.61 5,138 22.64 4.97 9,605
Shore 14.567 3.04 10,113 16.36 1.80 19,174
Combined 25.805 3.57: 15,251 39.00 2.86 28,779
Summer
Boat 10.237 4.82 4,479 21.08 4.75 9,352
Shore 15.365 3.49 9,290 22.48 3.55 13,376
Combined 25.602 3.92 13,769 43.56 4.04 22.728
Autumn
Boat 6.155 5.07 2,563 9.00 4.50 4,220
Shore 4.750 3.11 3,228 4.85 2.53 4,051
Combined 10.905 3.98 5,791 13.85 3.54 8,271
Annual total 65.197: 3.77: 36,516 103.52 3.50 63,969
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Table 5.2. Distribution of fishing effort (man-hours) in Lake
during 1980 and 1981 by season and area of lake.
Lake area - Arm
Season East Middle West Total Percent
Winter
1980 420 5,500 102 6,021 4.4
1981 2,773 10,277: 1,955 15,005 6.9
Spring
1980 8,883 36,528 9,037 54,449 39.6
1981 27;477 31,012 23,797' 82,287 37.7:
Summer
1980 13,047 25,699 15,274 54,020 39.3
1981 23,141 44,024 24,759 91,915 42.1
Autumn
1980 5,616 12,162 5,232 23,011 16.71
1981 7,332 18,018 3,868 29,219 13.4
Total
1980 27,967: 79,888 29,645 137,500
1981 60,727 103,322 54,380 218,426
Percent
1980 20.3 58.1 21.6 100.0
1981 27,8 47;3 24.9 100.0
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Sangchris
In cooling lakes, there is greater potential for overharvest of largemouth
bass than in ambient lakes because the fishing effort and the fish are
concentrated in the heated zone during winter and early spring. Tranquilli
et al. (1981a) has shown that largemouth bass from throughout the lake are
attracted to the heated zone during colder months.
Fishing Intensity, averaged over the two years of this study, equalled 84.4
man-hours per acre as compared to a three year average of 78.3 man-hours/acre
during the 1973-76 premanagement creel survey. The annual fishing pressure at
Lake Sangchris was comparable to ranges reported for 1650-acre Clearwater
Lake, Missouri, during its first four years of impoundment (Kathrein 1953),
but much higher than the 18.2 man-hours/acre reported for 4,406-acre Thomas
Hill Reservorr, a Missouri cooling lake (Hansen 1974). The fishing intensity
at Lake Sangchrls was also greater than that observed at 11,000-acre Lake
Shelbyville, Illinois (27.7 man-hours/acre) by McNurney (1978) or at 995-acre
Merle Collins Reservoir in California (32.7:man-hours/acre) during its first
six years of impoundment (Rawstron and Hashagen 1972). The level of fishing
intensity at Lake Sangchris is generally like levels reported for smaller
lakes of less than 500 acres (Snow 1971, Mrax and Threinen 1957). This
information suggests that a minimum length limit may be necessary to prevent
over exploitation of largemouth bass in Lake Sangchris.
The distances traveled by fishermen to reach Lake Sangchris was recorded to
allow an economic evaluation of the resource according to methods proposed by
Gordon et al. (1973) where one assumes that the farther the fisherman travels
to the resource, the more it will cost him, both in time and money, to utilize
the fishery. Eighty-two to 87:percent of the fishermen contacted at Lake
Sangchris in each season lived within the nearest zone of record (0-24 miles)
indicating that the lake was heavily utilized by local anglers (Table 5.3).
Data from 1980 revealed that fishermen traveled from greater distances to Lake
Sangchris during the winter season than during the other seasons, apparently
attracted by the thermal effluent which kept the lake from freezing and
created a unique winter fishery. Although data from 1981 was less definitive,
the same trend was evident.
Each fisherman interviewed during 1980 and 1981 was questioned as to the
species of fish he primarily sought (Table 5.4). Fishermen interviewed at
Lake Sangchris during 1980 were seeking channel catfish (31.9%), largemouth
bass (24.8%), white crappie (15.7%), or they had no preference (21.7%).
During 1981, principal species sought were: white crappie (43.8%), largemouth
bass (19.6%), channel catfish (12.8%), and any species (17,8%).
Fish Harvest: The average weights (in pounds) of the fish species creeled
(Table 5.5) served as an indicator of the quality of fish harvested by Lake
Sangchrls anglers. The average weights of bluegills, yellow bass, and green
sunfish were quite low and those species were not greatly desired by
fishermen. However, the average weight of bluegills creeled did increase from
1980 to 1981 with a corresponding increase in percentage of anglers seeking
bluegills (Table 5.4). Average weights of carp (1.7' Ibs), white bass (0.7
Ibs), and white crappie (0.34 Ibs) creeted during 1981 were quite good,
indicating quality fish. As a result of the 15-inch length limit, the
largemouth bass harvested were very high quality fish, averaging approximately
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Table 5.3. Distance traveled by fishermen to reach Lake Sangchris in 1980 and 1981
expressed, as a percentage of the season total.
Distance
Out of No. of
Season 0-24 25-49 50-74 75-99 100-124 125-149 150+ State Anglers
1980
Winter 69 19 4 6 1 .0 0 0 247:
Spr ing 82 10 1 5 1 0 1 1 1,467
Summer 85 9 1 3 0 0 1 1 1,401
Autumn 85 10 0 2 1 0 0 0 842
1981
Winter 85 12 0 3 0 0 0 0 248
Spr i ng 82 12 3 2 0 0 0 0 822
Summer 82 11 3 1 0 0 2 0 515
Autumn 87: 11 1 1 0 0 0 0 168
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Table 5.4. Species of fish sought by anglers interviewed.at Lake Sangchris
during 1980 and 1981. Numbers in parentheses represent sample
size.
1980 (3,962) 1981 (2.931)
Preference Preference
Species Frequency Percentage Frequency Percentage
Any (no preference) 861 21.7: 523 17;8
Bluegill 31 0.8 43 1.5
Bullhead 2 0.1 0 0.0
Carp 261 6.6 39 1.3
Channel Catfish 1,264 31.9 374 12.8
Flathead Catfish 0 0.0 0 0.0
Freshwater Drum 0 0.0 1 *
Green Sunfish 0 0.0 0 0.0
Largemouth Bass 982 24.8 576 19.6
White Bass 317; 8.0 87 3.0
White Crappie 623 15.7: 1,284 43.8
Yellow Bass 0 0.0 4 0.1
denotes less than 0.1 percent.
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Table 5.5. Average weight (in pounds) of a subsample of fish harvested from
Lake Sangchris during 1980 and 1981.
1980 1981
Number Average Number Average
Species of Fish Weight (Ibs) of Fish Weight (Ibs)
Bluegill 126 0.12 124 0.16
Bullhead 16 0.26 2 0.28
Carp 32 1.61 21 1.66
Channel Catfish 228 0.68 138 0.52
Freshwater Drum 8 0.28 9 0.72
Green Sunfish 14 0.12 1 0.11
Largemouth Bass 172 2.76 89 2.29
White Bass 234 0.64 69 0.68
White Crappie 749 0.36 1,055 0.34
Yellow Bass 5 0.12 18 0.21
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2.8 Ibs in 1980 and 2.3 Ibs in 1981. The average weight of harvested channel
catfish declined from 1980 to 1981 by 0.16 Ibs, indicating that smaller
catfish were being taken by anglers in 1981.
Eleven species were captured by sport fishermen during 1981 in Lake Sangchris
(Table 5.6). Six species (carp, channel catfish, white bass, bluegill,
largemouth bass, and white crappie) comprised 94.3 percent of the numerical
catch of fish and 96.2 percent of the biomass of fish harvested. There were
242,786 fish harvested at a total weight of 92,831 pounds during the 1981
creel year. This represented almost a fivefold increase in numbers and a
fourfold increase in biomass over 1980 levels. Total harvest for all species
in 1981 equaled 115.1 fish/acre, 44.0 Ibs/acre, 1.1 fish/hour, and 0.42
Ibs/hour. In addition, a total of 68,535 largemouth bass less than 15 inches
were returned to the lake as a result of the minimum length limit. Although
the number of bass released by anglers may be somewhat inflated by multiple
recaptures, only 4,462 bass larger than 15 inches were harvested,
demonstrating that the length limit restricted the actual harvest to
approximately 1 of every 16 captured. The actual harvest of largemouth bass
in 1981 was 4.6 Ibs/acre, whereas 28.1 Ibs/acre were returned to the lake as
a result of the length restriction.
Warmwater Fishery: The catch of fish at Lake Sangchris was not equally
distributed among the three arms of the lake or among seasons (Appendices
5.1-10). Approximately half (45.7%) of the 1981 projected harvest was taken
from the heated middle arm which comprised roughly one-third (37;4%) of the
total lake area. This illustrates the importance of the thermal discharge to
the fishery. Hanson (1974a) reported that about 37 percent of all fish
caught in Thomas Hill Reservoir were taken in a warm-water discharge area
representing approximately 3 percent of the surface acreage, and most were
captured during winter. At Lake Sangchris, the percentage of the catch which
occurred In the heated zone for the six most important species were:
bluegill (45.0%), carp (34.5%), channel catfish (43.0%), largemouth bass
(28.8%), largemouth bass less than 15 Inches (45.8%), white bass (52.7%), and
white crappie (46.6%). The thermal discharge at Lake Sangchris concentrated
the fish in the heated zone during colder months and also kept the water from
freezing so that the anglers could take advantage of the unique winter
fishery. Total harvest during the winter season of 1981 was projected to be
29,046 fish or 9.3 percent of the total annual harvest. The majority of
those fish (82.1%) were taken from the heated middle arm. The winter fishery
at Lake Sangchris was supported by primarily one species, the white crappie.
Crappie harvest during winter 1981 equaled 27,828 fish (95.8% of winter
total), 72.2 percent of those fish were taken from the heated middle arm.
Harvest of legal-sized largemouth bass numbered 354 during winter 1981, a
much smaller harvest than spring or summer, but slightly larger than autumn.
Bass harvest was not restricted to the middle arm, but 65.5 percent of the
winter total were taken from the heated zone. The situation is somewhat
reversed during summer when most fish are repelled by the thermal discharge.
Although channel catfish and bluegill catches remained relatively high in the
middle arm during the summer, most of these fish were probably caught at the
far end of the thermal gradient where water temperatures were lower than at
the discharge.
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Table 5.6. Predicted annual sportfish harvest in Lake Sangchrls during 1981.
The total number of fish (No.), number of fish per acre (F/A),
total weight In pounds (Wt), weight per acre (Wt/A), number of
fish per hour (F/Hr), and weight of fish per hour (Wt/Hr) are
given. A total of 2,110 acres were creeled and 218,426 man-hours
of fishing effort were expended.
Species No. F/A Wt Wt/A F/Hr Wt/Hr
Carp 2,875 1.36 4,473 2.12 0.013 0.020
Channel Catfish 20,692 9.81 10,540 4.99 0.095 0.048
Bullheads* 2,724 1.30 721 0.34 0.012 0.003
White Bass 6,419 3.04 4,072 1.93 0.029 0.019
Yellow Bass 7,007: 3.32 837: 0.40 0.032 0.004
Bluegill 26,459 12.54 4,193 1.99 0.121 0.019
Green Sunfish 1,683 0.80 180 0.08 0.008 0.001
Largemouth Bass>15 4,462 2.11 9,741 4.62 0.020 0.044
White Crappie 167,954 79.60 56,333 26.70 0.769 0.258
Freshwater Drum 2,511 1.19 1,741 0.82 0.011 0.008
Total 242,786 115.06 92,831 44.00 1.112 0.425
Largemouth Bass<15 68,535 32.48 59,321 28.11 0.314 0.272
Total 311,321 147;54 152,152 72.11 1.425 0.696
*Includes yellow and black bullheads
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Changes in the Creel After Management: The sportfishing harvest at Lake
Sangchris declined progressively during the pre-management years from a high
catch in 1973-74 of 78,147:fish to a low of 17,751 fish in 1975-76 (Table
5.7). The fishing intensity followed a similar decline during this period
from 102.5 man-hours/acre in 1973-74 to 53.4 man-hours/acre in 1975-76. The
declining catch of sportfish was not just the result of reduced fishing
pressure but rather an overall decline in the quality of fishing as measured
by catch rates. In the pre-management years, the number of fish harvested
per acre declined from 42 to 10, the weight per acre from 28 to 8 pounds, the
fish per hour from 0.41 to 0.18 pounds, and the weight per hour from 0.27 to
0.14 pounds (Table 5.7). Although there was no creel from 1976 to 1978, our
observations and communications with anglers Indicated the quality of fishing
did not change much from that observed in 1975-76.
The management program began in 1978 with the introduction of threadfin shad
and was followed by the establishment of the 15-inch minimum length limit for
largemouth bass in 1979. The post-management creels (1980 and 1981) thus
began one year after the management program was fully initiated. Results of
these creel surveys (Table 5.7) indicated a major improvement In the Lake
Sangchris fishery. Fishing pressure increased sharply from the low levels
experienced during 1975-76, and catch rates have also improved dramatically.
Sportfish harvest in 1981 exceeded by threefold the highest annual catch
during pre-management years (Table 5.7). Fishing success (numbers or weight
of fish per hour of fishing effort) was much improved in post-management
years even without the "potential" catch of 18,057 sublegal largemouth bass
in 1980 and 68,535 sublegal bass In 1981. Fishing success In 1981 exceeded
one fish per hour and reached 1.4 fish per hour including bass less than 15
inches. Jenkins and Morais (1971) reported a national average for 103
reservoirs to be 0.85 fish/hour and Lewis et al. (1982) found a success rate
of 0.54 fish/hour in nearby Lake Springfield, Illinois.
An important consideration here is the addition of the "catch" of largemouth
bass between 10 and 15 inches TL which were returned to the lake during the
1980 and 1981 creel years. While we realize that these returned fish
represent "catch" or potential harvest rather than yield, they do add a
significant measure of quality to the anglers fishing trip even though he does
not take them home.
A comparison of catches of individual species before and after management
began In 1979 provides data on fish population dynamics and insight into the
changes brought about by the management program. Largemouth bass are the
most important species from a management perspective because they are the
major predator at the top of the food chain and the only species In the lake
which has the potential of controlling the overabundance of forage (gizzard
shad) and panfish (particularly bluegill) species. The catch of largemouth
bass declined from 15,039 fish (11.99 Ibs/acre) in 1975-74 to 3,754 fish
(2.88 Ibs/acre) in 1975-76 (Table 5.8). This species was apparently over-
harvested in 1973-74 and in 1974-75. Population estimates with 95 percent
confidence intervals for 1974-75 indicated there were 11,561 ± 1,476 bass
larger than 150 mm (6-inches) in Lake Sangchris (Tranquilli et al. 1981b) and
the creel for that year predicted that 7,329 bass were harvested. These data
indicate a 63.4%.mortality rate for largemouth bass due to angling in 1974-75
and demonstrated the need for the management regulation limiting the harvest
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Table 5.7, Annual sportfish harvest in Lake Sangchrisl before (1973-1976) and
after (1980 and 1981) introduction of threadfin shad and appllcation
of 15-inch length limit for largemouth bass. The annual fishing
pressure (man-hours/acre), total number of fish (No.), total weight
of fish in pounds (Wt), number of fish per acre (F/A), weight of
fish per acre (Wt/A), number of fish per hour (F/Hr), and weight of
fish per hour (Wt/Hr) are given.
Creel Fishing Pressure Catch Rates
Year Man-hours/A No. Wt. F/A Wt/A F/Hr Wt/Hr.
1973-742 102.5 78,147: 52,281 41.79 27;96 0.408 0.273'
1974-752 78.9 56,498 34,258 30.21 18.32 0.383 0.232
1975-763 53.4 17;751 13,949 9.49 7;46 0.170 0.140
19804 65.2 65,182 37,386 30.90 17;71 0.474 0.272
19805 65.2 83,239 53,013 39.45 25.11 0.605 6.386
19814 103.5 242,786 92,831 115.06 44.00 1.112 0.425
19815 103.5 311,321 152,152 147;54 72.11 1.425 0.696
1From 1973 to 1976 a total of 1,870 acres were creeled, and in 1980 and 1981 a
total of 2,110 acres were creeled.
2 Data from McNurney and Dreier (1981).
3 Data from McNurney and Frakes (1979).
4 Present study.
5 Present study including LMB between 10 and 15
the lake.
inches TL that were returned to
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of largemouth bass. In 1980, after the management program began, only 1,994
bass >15 Inches total length were harvested (Table 5.8), but the catch per
acre (2.63 Ibs) was not much lower than that recorded in the worst
pre-management year (2.88 Ibs). In 1981, 4,462 bass greater than 15 inches
were harvested and the catch rate increased to 4.62 Ibs/acre. In addition,
there were 68,535 largemouth bass returned to the lake for management purposes
during the 1981 creel year. These data demonstrate that the 15-inch length
restriction has prevented over exploitation of the largemouth bass population
and has allowed the population density to increase to a level where these
predators may have real influence on prey species in the lake and thus affect
change in the population structure.
In addition to the largemouth bass, three other major sportfish species
(channel catfish, white bass, and white crappie) have responded positively to
the management strategy. The channel catfish yield declined progressively
during the pre-management period from 10,702 fish (3.04 Ibs/acre) in 1973-74
to 4,485 fish (1.97:Ibs/acre) in 1975-76. Annual channel catfish harvest
during 1980 amounted to 15,050 fish at 4.72 Ibs/acre and increased to 20,692
fish at 4.99 Ibs/acre during 1981 (Table 5.8). Channel catfish recruitment
and reproduction are unusually successful in Lake Sangchrls as compared to
other Illinois reservoirs (Tranquilli et al. 1981a). According to Sule et
al. (1981), the food habits of channel catfish in Lake Sangchris consisted
mainly of insects in 1974 and of plants in 1976; larger catfish preferred
fish and crayfish; and the omnivorous diet of this species depended largely
on food availability. It is quite likely that, as a result of the new
management strategy, the channel catfish in Lake Sangchris have taken
advantage of the winter kill of threadfin shad that has occurred since 1978,
and that this additional food resource is partially responsible for the
Increased harvest of this species.
During the pre-management years, the annual catch of white bass ranged from
2,048 to 3,253 fish (Table 5.8). In 1980, the annual harvest of white bass
was 9,753 fish (2.93 Ibs/acre), an overall increase in the catch of about 250
percent. In 1981, the harvest declined slightly to 6,419 fish (1.93
lbs/acre), but that figure represented a 97,percent increase over the best
pre-management harvest. The sharp improvement in the white bass fishery was
In all probability linked to the establishment of a substantial threadfin
shad population. Range (1973) has shown that after the establishment of
threadfin shad, the growth rate of white bass increased in Dale Hollow
Reservoir, Tennessee.
The annual white crappie harvest in Lake Sangchris during the pre-management
years ranged from 6,405 fish in 1973-74 to 1,159 fish in 1975-76 (Table 5.8).
In 1980, two years after the introduction of threadfin shad, the annual
harvest was 28,015 white crappie (4.74 Ibs/acre), an overall increase in
catch of about 560 percent. The annual harvest during 1981 reached 167,954
fish, approximately a fortyfold increase over the pre-management annual
average. It was evident that during 1981 Lake Sangchris had evolved into a
white crappie dominated fishery. Anglers seeking crappie made up nearly half
(46%) of the Lake Sangchrls fishermen interviewed; 69.2 percent of the
numerical harvest was white crappie, and 60.7 percent of the harvest by
weight was white crappie.
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During 1981., anglers were questioned regarding their opinion of the 15-inch
minimum length limit on largemouth bass. Fishermen were surveyed with regard
to whether they were boat or shore fishermen and not according to species
sought. For many fishermen, our questions regarding length limits seemed to
be their initial contact with such a regulation at Lake Sangchris and several
fishermen did not appear to understand the concept. We therefore recommend
more signs and signs with more explicit language. Boat fishermen
overwhelmingly approved of the length limit concept (Table 5.9) and generally
were receptive toward any management strategy which would improve fishing.
Bank or shore fishermen narrowly approved of the length restriction and many
were simply indifferent. Many bank fishermen seemed to be skeptical of fish
management practices or could not perceive that management practices were of
value to them. These data and observations indicated a high degree of
acceptance of the management strategy by the boat fishing portion of the
fishing public but only mediocre support from the bank fishing segment.
Data from several sources were combined and tabulated (Table 5.10) to evaluate
the quality of fishing in Lake Sangchrls during the 1980 and 1981 post-
management creel surveys. These data were tabulated for largemouth bass and
for all species combined according to fishing effort by all types of anglers.
The comparison revealed that few lakes of comparable size received as much
fishing pressure as Lake Sangchris, and that the yield of fish of all types
combined was exceptionally good in this 16-year old cooling lake, equalling
that observed in several lakes during their first few years of impoundment.
The average fishing intensity (man-hours/acre) at Lake Sangchris (84.4) during
the 1980 and 1981 creel surveys was higher than a national average (70.1)
compiled by Jenkins and Morals (1971). Annual catch rates at Lake Sangchris
compared favorably with the national averages; numbers and weights of fish per
acre were much higher in Lake Sangchris than the national average. This would
indicate intense fishing pressure, about average fishing success, and a
resultant high harvest of fish numbers and biomass per surface area at Lake
Sangchris. The harvest of largemouth bass In Lake Sangchris was better than
reported in Merle Collins Reservoir, California or in Lake Shelbyville,
Illinois, and if the "potential" harvest of all largemouth bass was
considered, the quality of fishing in Lake Sangchris was better than that in
any other lake evaluated. The quality of fishing in Lake Sangchris at the
present time indicates that fisheries management alternatives can be
effectively applied to large reservoirs.
Concl us ions:
In comparison to pre-management creel data (1973-1976), the quality of
fishing as measured by catch rates improved dramatically in Lake Sangchris
during 1980 and 1981 after threadfin shad were introduced in 1978 and the
15-inch length restriction on largemouth bass was imposed in 1979. Fishing
intensity during the post-management creel period equalled 84.4 man-hours per
acre as compared to a three year average of 78.3 man-hours per acre for the
pre-management creel period. Sportfish harvest in 1981 in terms of total
numbers and weights exceeded by threefold the highest annual yield during
pre-management years. Fishing success for all species combined (numbers or
weight of fish per hour) was much improved in post-management years even
without the catch of 18,057:sublegal largemouth bass in 1980 and 68,535
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Table 5.9. Attitude of fishermen interviewed during 1981 at Lake Sangchris
toward the 15-inch minimum length restriction on largemouth bass.
No. Anglers Boat Fishermen Bank Fishermen
1981 Questioned (+) (-) (I) (+) (-) (I)
Winter 0 -
Spring 308 159 31 23 40 24 31
Summer 52 36 5 6 3 1 1
Autumn 23 16 2 3 0 1 1
Total 383 211 38 32 43 26 33
(+) Approve
(-) Disapprove
(I) Indifferent
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sublegal bass in 1981. Fishing success for all species in 1981 exceeded one
fish per hour and reached 1.4 fish per hour including bass less than 15
inches in size. The yield of channel catfish, white bass, and white crappie
increased during the post-management period. The yield of largemouth bass
reached only approximately 50 percent of the best pre-management value.
Although the yield was reduced by the harvest restriction, the quality of the
fishing experience was enhanced because 16 fish were caught for each one
harvested. As a result of the length limit, the largemouth bass harvested
were very high quality fish averaging 2.8 lbs in 1980 and 2.3 Ibs in 1981. A
strong year class of white crappie entered the creel in the post-management
period, had a major effect on the total harvest, and their appearance may or
may not have been directly related to the management strategy applied. There
was a high degree of support for the management strategy by the boat fishing
portion of the fishing public, but only mediocre support from the bank
fishing segment. A comparison of Lake Sangchris data with literature values
revealed that few lakes of comparable size received as much fishing pressure,
and that the yield of fish of all types combined was exceptionally good In
this 16-year old cooling lake and equalled that observed in several lakes
during their first few years of impoundment. The Lake Sangchrls fishery Is
dynamic and while the management strategy has shown a dramatic Improvement in
the quality of fishing through 1981, we have no way of knowing whether the
fishery will show further Improvement, stabilize, or decline in future years.
We recommend follow up creel surveys to document additional changes over time.
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Job No. 6. Water Qual ity Monitoring.
Materials and Methods:
The water quality of Lake Sangchris was monitored by examining 12 parameters
at each of the six sampling stations. Hardness (mg/I CaCO3), ammonia (mg/l
NH3-N), nitrite (mg/l NO2N), nitrate (mg/l NO3N), soluble orthophosphate (mg/l
P), and total alkalinity (mg/1 CaC03) were determined In January, April, July,
and October (1979-1981).
At monthly Intervals we measured dissolved oxygen (mg/l), conductivity
(umhos), temperature,.pH,. and took a Secchi disk reading. Conductivity was
measured with a YSI Model-33 S-C-T meter, and dissolved oxygen and temperature
were measured with a YSI Model-57 oxygen meter. Conductivity, dissolved
oxygen, and temperature were measured at the surface and at 1-m Intervals to
the bottom. The pH was measured at the surface with a Sargent-Welch Model PBX
pH meter.
Results and Discussion:
Water qual ity values from 1981 In Lake Sangchris (Table 6.1) were similar to
those observed during the 1973-1976 study and during the previous two years
of this study (1979-1980). Water quality parameters which exhibited trends
were: hardness, nitrite, nitrate, soluble orthophosphate, and total
dissolved solids. Water hardness Is caused by the dissolution of metallic
ions; In fresh water these are primarily calcium and magnesium. Hardness
concentrations in Lake Sangchrls appear to be increasing and during 1981
exceeded 300 mg/l (Table 6.1) which is defined as "very hard" water (Sawyer
1960). Nitrite and nitrate values Increased sl Ightly from 1980 data, but
when compared to 1979 values and to data compiled during the 1972-1976 study,
nltrlte and nitrate are steadily declining. Nitrate reached highest
concentrations (1.5 mg/I) during July In 1981 with fairly uniform levels at
all lake stations. Concentrations of nitrate and nitrite that would exhibit
toxic effects on warmwater fish could rarely occur in nature; Knepp and
Arkin (1973) have shown that growth and feeding activities of largemouth bass
and channel catfish were not significantly altered when held at nitrate
concentrations up to 400 mg/l. Soluble orthophosphate Is the fraction of
total phosphate that Is of immediate utility to autotrophic plants. Means
and ranges of values of orthophosphate declined slightly In comparison to
data collected In the 1973-1976 study. Total dissolved solids (or filterable
residue remaining after evaporation) levels In Lake Sangchris appear to be
increasing (Table 6.1). Mean values in 1980 and 1981 exceeded or were near
500 mg/I whereas the mean for the 1973-1976 study was 315 mg/l. AlkalInity
is a measure of the buffering capacity of water and is important In
preventing extreme fluctuations In pH. U.S. Environmental Protection Agency
criterion for alkalinity was set at 20 mg/l or more as CaC03 for freshwater
aquatic life (EPA 1976). Alkalinity concentrations fell below that criterion
during the 1973-1976 study, but the lowest concentrations found during the
present study occurred in 1979 (39.5 mg/I). Secchi disk visibility is a
measure of the depth to which one may see Into the water. Maximum visibility
during the present study was 110 cm and minimum visibility ranged from 25-40
cm. During 1981, Secchi disk readings were always highest at Station 2
(ranging from 67-100 cm) and lowest at Station 5 (ranging from 37-75 cm).
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Table 6.1. Comparison of water quality data between a pre-management study (conducted
5 September 1973 to 13 April 1976) and annual data collected during this
study. Samples during 1975 to 1976 were taken monthly while during this
study, hardness, ammonia, nitrite, nitrate, soluble orthophosphate, and
total alkalinity were taken in January, April, July, and October and
dissolved oxygen, conductivity, temperature, pH, and Secchi disk readings
were taken monthly. Values in parenthesis are ranges.
September 1973- January - January - January -
April 1976 October 1979 October 1980 October 1981
Hardness 183.9 175.5 230.8 263 ,9
(mg/I CaC03) (30-261) (117-216) (195-262) (196-328)
Ammonia 0.08 0.17: 0.09 0.03
(mg/l NH3-N) (0.020-0.028) (0.04-0.38) (0.03-0.22) (0.02-0.15)
Nitrite 0.14 0.10 0.02 0.03
(mg/l N02-N) (0.010-0.53) (0.03-0.21) (0.01-0.04) (0.01-0.08)
Nitrate 1.78 2.27: 0.20 0.46
(mg/l N03-N) (0.010-6.53) (0.26-3.71) (0.07-0.49) (0.02-1.50)
Soluble orthophosphate 0.038 0.015 0.012 0.013
(mg/l CaCO3 ) (0.0-1.12) (0.01-0.06) (0.01-0.02) (0.01-0.06)
Total alkalinity 88.4 59.8 75.3 72.1
(mg/l CaCO3 ) (16-103) (39.5-76.0) (53-93) (58-86)
Dissolved oxygen 9.82 9.23 9.23 8.45
(mg/I 02) (5.3-15) (6.3-12.8) (6.6-12.8) (5.5-12.8)
Total dissolved solids 315.4 340.0 501.7' 495.8
(mg/I NaCI) (70-487) (181-547) (277-709) (360-630)
Temperature (°C) 17'3 18.2 1719 19.3
(1-37,8) (0-34) (2-36) (4-34)
pH (hydrogen 8.01 8.09 7,77' 8.4
Ion concentration) (7.3-8.9) (7.1-9.5) (6.5-8.8) (7.4-10.6)
Secchl disk (cm) 1 69.7: 73.0 70.0
(25-110) (40-110) (37-100)
1No measurements taken.
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All water quality parameters, except temperature at Stations 4 and 5 during
July and possibly August and September, did not appear to be limiting to the
fish population. During the summer, maximum discharge temperatures reached
400C (Fig. 6.1) which probably affected fish distribution In most of the
middle (discharge) arm. TranquIllI et al. (1981a) found that fish
(largemouth bass, gizzard shad, yellow bass) avoided or left the discharge
area during the warmer months and were attracted to the discharge area In
colder months. We also found that fish distribution and catch per unit
effort were greatly affected by the temperature of the discharge water (see
Job No. 3). Maximum temperatures at the discharge reached 40*C (104*F)
during July 1981 (Fig. 6.1). This was above the maximum thermal tolerance
for most fish and was certainly a controlling variable in the distribution of
fish in Lake Sangchris. The increase in water temperature from the Intake to
discharge was generally from 7100C (Fig. 6.1).
The warm water discharge is probably the single most important factor
controlling water quality in Lake Sangchris (Brigham 1977). Because the three
arms of Lake Sangchrls (Fig. 1) are rather shallow (8-10 m), the waters within
the cooling loop (Stations 5 to 1) are kept destratified and generally mixed
by the velocity of the cooling loop water. Heated water traveling around the
cooling loop approaches ambient level before it reaches Station 1 (the
Intake). Station 7 is in the ambient arm and, because it Is shallow, It
rarely becomes stratified. In contrast, Station 3 near the dam Is 15-m deep
and by July and through September It is stratified at 6 to 7 m. The warm
water discharge and stratification patterns in 1979-1981 (Figs. 6.1, 6.2) 6.3)
were similar to those observed by Brigham (1977).
Conclusions:
While there was some minor changes In water quality of Lake Sangchris, between
the pre- and post-management periods, these changes were not of sufficient
magnitude to account for any observed changes In the distribution or relative
abundance of fishes during that time period.
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Job No. 7: Introduce approximately 1,000 marked largemouth bass of known age
and size into the existing population to determine growth.
Materials and Methods:
From 1978-1981, several methods were used to estimate age and growth of
largemouth bass in Lake Sangchris. During the spring of 1978, 1979, and 1980,
various numbers of adult largemouth were stocked into a 32 ha slag pond (Table
7;1). The slag pond was located adjacent to the power plant, isolated from
the main lake, and contained no other fish except a few black bullheads. Our
Intent was to collect the young-of-the-year fish from the slag pond In October
of each year and to mark and release them Into Lake Sangchris. Recovery of
marked fish would allow age and growth estimations. On 4 and 5 October 197$,
a total of 672 young-of-the-year largemouth bass were collected from the slag
pond. These fish were given a right pectoral fin clip and released Into Lake
Sangchris (Table 7,1). Of these fish, 355 were released into the west arm_and
317:tnto the middle (discharge) arm. The fish ranged from 106-145 mm TL (X =
123.9 mm TL) and weighed 12-43 g (X = 30.0 g). In October 1980, we collected
30 1+ largemouth bass from the slag pond. These bass ranged from 206-253 mm
TL (X = 225.2) and weighed 100-210 g (X = 138.5 g). All fish were given a
left pelvic fin clip and released into the discharge arm (Table 7,1).
During spring 1980, we fin-clipped 552 largemouth bass larger than 199 mm TL.
A combination of clips utilizing the pectoral fins, pelvic fins, dorsal fin
spines, and the anal fin spines was used to mark fish In 10 mm increments.
This coded spine technique was modified from Rinne (1976). The paired fins
were used to enumerate increments of 100 mm: the left pelvic fin was clipped
on fish 200-299 mm TL; the right pelvic fin was clipped on fish from 300-399
mm TL; the left pectoral fin was clipped on fish from 400-499 mm TL; and the
right pectoral fin was clipped on fish from 500-599 mm TL. In all cases, the
entire fin was removed to its base. To enumerate fish to units of 10 mm an
entire spine was removed. If the fish was measured In a numerical unit
between 00 and 09 mm we did not remove any spine. The first dorsal spine was
not used because it would have been difficult to distinguish between a clip
and no clip. Dorsal fin spines number 2-8 were removed to designate 10-19,
20-29, 30-39, 40-49, 50-59, 60-69, and 70-79 mm, respectively. The first and
second anal spine was clipped for fish 80-89 mm, and the third from fish 90-99
mm. For example, a largemouth bass 528 mm TL would have a right pectoral clip
and a third dorsal fin spine clip. Marked largemouth bass were recaptured
during the October quarterly sample.
Since Tranquilll et al. (1981b) found scales from Lake Sangchris largemouth
bass difficult to read and during this study in 1980 we could agree on only
36% of our age determinations using scales, it was necessary to develop
another technique to age and to gather Important age information that was only
available through back-calculation techniques. Consequently, we used sections
of otoliths to Indicate daily and annual growth. Taubert and Coble (1977) and
Miller and Storck (1982) verified daily rings in otoliths of young
centrarchids and largemouth bass, respectively, and Taubert and Tranquilli
(1982) used bass from Florida and Lake Sangchris to verify the presence of
annuli in sections of otoliths (copy attached). We used the same methods as
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Table 7;1. Number of adult largemouth bass stocked into the slag pond In the
spring of each year and the number of fish recaptured with the
mark given when they were stocked into Lake Sangchris.
Number of adult Fish recovered
largemouth bass stocked and mark given
1976 10 (5 d : 59) 672 yoy
right pectoral
1979 15 (7:.d : 88) 30 1+
left pelvic
1980 24 10 yoy
not stocked
7"2
Miller and Storck (1982) and Taubert and Tranquilli (1982) to age largemouth
bass taken from Lake Sangchris during 1979-1981.
Results and Discussion:
From 1979 to 1982 only two of the fish stocked into the Slag Pond in 1978 were
recovered (Table 7;2). None of the fish stocked from the Slag Pond in 1980
were recovered from the lake.
Of the 552 bass that were marked using a combination of fin and spine clips,
only six were recaptured during an October or January sample (Table 7.2). We
only used recaptured fish from our October or January samples because these
fish had completed a full year(s) growth.
Although few bass were recaptured from the fish which were spine and fin
clipped, the technique appeared to be successful. There was no regeneration
of the fin clips and, even though there was some regeneration of clipped
spines they were very distinguishable from unclipped spines. Regenerated
spines were rounded (not sharp) and shorter than unclipped spines.
During 1980 and 1981, otoliths were removed and aged from 239 largemouth bass.
Ages were easily determined from cross sections and the oldest bass aged was
12 years old (Fig. 7.1). The relationship of fish TL to otolith radius was
best described by a third degree polynomial (Fig. 7;2) and was highly
predictive.
Because few otoliths were aged from fish whose birthdates were 1975 and
earlier, we felt it best when making preand post-management comparisons to
only use bass whose birthdates were from 1976 to 1981 where the sample size
was greater. Back calculations of lengths of fish at all ages for this group
showed distinct differences in bass growth before and after management. It
was apparent that bass growth after the introduction of threadfln shad and the
institution of the 15-inch size limit was greater for the first year of life
than growth before our management strategy was applied (Tables 7;3 and 7,4).
From 1978-1981, growth during the first year averaged 175 mm TL while that
during 1976-1977:averaged only 141 mm TL.
For the same group of fish, growth during the second year was slower from
1978-1980 than from 1976-1977' Growth of second year bass from 1978-1980
averaged 122 mm TI,, while that from 1976-1977:averaged 150 mm TL.
Unfortunately, growth comparisons from second year fish and older are
difficult because a portion of the growth of these fish was completed while
there were threadfin shad in the lake. For example, second year growth of
fish born In 1977:occurred in 1978 when threadfin shad were in Lake Sangchris.
These data show that growth at the end of the third and fourth years was
similar before and after management (Table 7;4). This indicates that growth
of harvestable sized largemouth bass was probably not affected by the 15-inch
size limit for at least 4 years after its institution. Therefore, between
1979 and 1981, any stockpiling of fish below the 15-inch size limit did not
result in a decreased growth rate.
7 -3
Table 7;2. Growth of recaptured marked fish in Lake Sangchris.
Size
Recaptured
(mm TL)
266
391
354
412
400
295
396
437:
Date
Recovered
Date
Marked
Size
Marked
(mm TL)
123.9
123.9
260
320
360
200
310
200
October
October
Spring
Spring
Spring
Spring
Spring
Spring
197
1978
1980
1980
1980
1980
1980
1980
Growth
(mm)
142.1
267;1
94
92
40
95
86
237
January
October
October
January
January
January
January
October
1979
1980
1980
1981
1981
1981
1981
1981
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7.1. Transverse thin section from a Lake Sangchrls largemouth bass
showing 11 annul .
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Figure 7.2. Otolith radlus--flsh total length relationship for Lake Sangchrls
largemouth bass Y = 34.04729368 + 4.59849495X + 88.19333193X2 -
14.73260307X3 (r 2 = 0.911171).
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Table 7,4. Annual growth in mm for Lake Sangchris largemouth bass.
Birth Age
date 1 2 3 4
81 182
80 178 112
79 165 136 .67:
78 179 113 80 48
77; 147: 155 64 55
76 133 142 80 41
75 130 142 82 48
74 156 148 69 42
75 158 138 82 41
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The body length-otolith radius regression of Lake Sangchris white crappies
was based upon data from 81 fish of both sexes. The fish ranged In length
from 141 mm to 367 mm, and dates of capture ranged from January 1980 to July
1981. The body-length otollth radius equation was determined to be y = 80.17
x -14.88. The regression was Ilnear (r = 0.91) and the regression
coefficient (slope) was significantly different from zero (p < 0.0001 level).
A test for a nonlinear relationship did not improve the linear body length-
otolith radius regression.
Back-calculation revealed that white crapple In Lake Sangchrls attained mean
lengths of 89 mm (3.5 Inches), 163 mm (6.4 Inches), 221 mm (8.7 inches), 269
mm (10.6 inches), 294 mm (11.6 inches), and 321 mm (12.6 inches) at ages 1
through 6, respectively (Table 7.5). Growth of crappies from Lake Sangchrls
was faster than mean growth for "central waters" and closely approximated
mean growth In "south central water" (Carlander 1977). Joy and Tranquilli
(1979) examined growth of white crappies from Lake Sangchrls and Shelbyville
during the premanagement study (1975 and 1976). They found that white
crapples in Lake Shelbyville attained mean lengths of 84 mm, 187 mm, 269 mm,
and 298 mm at ages 1 through 4, respectively. Growth of crappies from Lake
Sangchrls was examined by the length frequency method and growth was
determined to be at least equal to the growth rate for Lake Shelbyville among
age 0 and 1+ fish. Thus, it appeared that growth of white crappie had slowed
slightly during the post-management period.
Conclusions:
Determination of fish age and growth data is difficult in lakes receiving
thermal discharges. Formation of annuli in otoliths of largemouth were
verified during this study and used to assess growth of largemouth bass and
white crappie in Lake Sangchrls. A coded spine-marking technique adopted
from Rinne (1976) was used on largemouth bass and provided acceptable results
on recaptures made more than one year later. Back calculations of lengths of
bass at various ages via otol Iths indicated distinct differences In bass
growth before and after the management strategy was applied. During the pre-
management period (1976-1977), growth during the first year averaged only 141
mm TL, whereas after the length limlt was imposed and threadfin shad were
Introduced (1978-1981) growth of first year bass averaged 175 mm TL. Growth
of Age II largemouth bass was slower after the management strategy was
applied, and growth of fish at ages III and IV was similar during both pre-
and post-management periods. During this post-management period the density
of bass in the lake Increased dramatically (see Chapter 3). The age and
growth data revealed that the growth rate of largemouth bass in Lake
Sangchrls did not decl ne as a result of the Increased population density and
this may have been due to the addition of threadfin shad as forage. An
otolIth analyses of growth rates of white crappie In Lake Sangchrls indicated
fairly rapid growth when compared-to literature values but the data Indicated
slower growth during the post-management period. This may have been related
to differences In population size or to aging techniques (otoliths during
post-management and length frequency during pre-management).
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Table 7;5. Back-calculated growth of white crappie from Lake Sangchris.
Sample size indicated in parenthesis.
Year Mean TL (mm) at annulus
Age Class 1 2 3 4 5 6
1 1980 no collection
2 1979 96(11) 186(11)
3 1978 87(57) 156(57) 222(46)
4 1977; 113(2) 212(2) 269(2) 302(2)
5 1976 95(2) 173(2) 228(2) 267(2) 296(2)
6 1975 90(9) 165(9) 206(9) 262(9) 294(9) 321(9)
N 81 81 59 13 11 9
Weighted mean 89 163 221 269 294 321
Increment 89 74 58 48 25 27:
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Verification of the Formation
of Annuli in Otoliths
of Largemouth Bass
BRUCE D. TAUBERT' AND JOHN A. TRANQUILLI 2
Illinois Natural History Survey
607 East Peabody, Champaign, Illinois 61820
Abstract
Annuli in transverse thin sections of otoliths from
largemouth bass Micropterus salmoides were verified by
four methods. First, the number of daily rings be-
tween successive annuli was similar to the potential
number of growing days in each of the first 3 years
of life. Second, all of the annuli were formed between
the last of April and the first part of July. Third, the
lengths of age-I-VI largemouth bass back-calculated
from otoliths were very similar to those determined
from a mark-recapture study. Fourth, the number of
otolith annuli agreed with the known ages (II+ and
V+) of largemouth bass in samples from a hatchery
and a lake.
Scales from northern largemouth bass Mi-
cropterus salmoides salmoides in Lake Sangchris,
a central Illinois cooling reservoir, were not re-
liable sources of aging information (Tranquilli
et al. 1981). Because Lake Sangchris receives a
thermal discharge and contains both heated and
unheated areas, largemouth bass growth varies
throughout the year and many false annuli are
formed. Witt et al. (1970) and Siler and Clugs-
ton (1975) also found difficulty in using scales
to age largemouth bass from thermally dis-
turbed environments. In southern states, false-
annulus formation in scales of largemouth bass
is a common problem, especially in Florida (Bill
Coleman, Florida Game and Freshwater Fish
Commission, personal communication). The
purpose of our research was to determine if
annuli are formed in otoliths of largemouth bass
from thermally disturbed and subtropical en-
vironments.
Although annuli in otoliths of fish have been
used and verified for many fish species (Wil-
liams and Bedford 1974; Gregory and Jow 1976;
Beamish 1979), we know of no work on the
'Present address: Arizona Game and Fish Depart-
menr. 2222 West Greenway Road, Phoenix, Arizona
85023.
2 Present address: Illinois Department of Conser-
vation. 600 North Grand Avenue West, Springfield,
Illinois 62702.
verification of annuli in otoliths of centrarchids.
McCabe (1974) used otoliths of largemouth bass
in Texas for aging but he did not verify the
marks he was reading as annuli. To determine
the periodicity of the annulus-like marks we
found in otoliths of largemouth bass, we (1)
counted the number of daily rings between suc-
cessive annuli, (2) determined the seasonality of
development of the annulus-like marks, (3)
compared back-calculations of length-at-age
determined from otoliths with lengths calculat-
ed from a mark-recapture tagging study, and
(4) counted the number of annulus-like marks
in known-age largemouth bass.
Methods
To determine the age of largemouth bass, we
examined the sagittae, the largest of the three
pairs of otoliths. To count daily rings, otoliths
from 20 Lake Sangchris lirgemouth bass were
ground into sagittal sections (Taubert and Co-
ble 1977; Miller and Storck 1982, this issue) and
examined at a magnification of 400 x or greater
under immersion oil. The mean of three ring
counts was used to represent the number of
growing days. For age-I largemouth bass, the
number of potential growing days was the
number between the day of first daily ring for-
mation at swim-up (Taubert and Coble 1977;
Miller and Storck 1982, this issue) and the date
when the water temperature fell below 12-15
C (the minimum temperature necessary for
largemouth bass growth: Bennett et al. 1940).
The day of swim-up was determined for fish in
heated and unheated areas of Lake Sangchris
by daily aging of young-of-the year largemouth
bass (Taubert et al. 1980). A range of potential
growing days occurred because largemouth bass
in the heated areas of Lake Sangchris experi-
enced a longer growing season than those in
ambient-temperature areas. For largemouth
bass age II and older, the number of potential
growing days was calculated from May 30 (mean
date of otolith annulus formation; see below)
and the date when the water temperature fell
below 12-15 C.
To view annuli, transverse thin sections of
otoliths were prepared (Beamish 1979) and the
annular bands counted and measured at 10Ox
magnification. The radius from the otolith nu-
cleus to the dorsal surface was not a straight line
in transverse sections, so we measured thle dis-
tance between each annulus and used tile ac-
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TABLE 1.--Mean, range, and expected range of daily-ring
numbers between otolith annuli from Lake Sangchris
largemouth bass. N = number offish from which suc-
cessful otolith preparations were made. Expectations were
based on number of growing days.
Annulus Expected
interval N Mean Range range
Oto 1 15 157 120-180 145-195
1 to2 ' 9 135 100-160 130-180
2 to 3 2 152 150-153 130-180
cumulative measurement as the radius. Otolith
radii were measured in 0.01-mm increments.
To determine the time of annulus formation,
we collected otoliths from Lake Sangchris
largemouth bass during January, April, July,
and October. Otoliths from these fish were pre-
pared in transverse thin sections and the extent
of newly formed tissue at the dorsal end was
used as an indicator of annulus formation.
The only fish available to us with a known
history were Florida largemouth bass M. s.flor-
idanus. One group of 26 Florida largemouth bass
were collected from Lake Lawne in Orlando.
Florida, in March 1981. Lake Lawne had been
drawn down and poisoned in 1976; young-of-
the-year Florida largemouth bass were stocked
into it the same year. A second group of nine
known-age fish was collected from a Florida fish
hatchery in March 1981. These fish had been
young of the year in 1979.
Results and Discussion
The number of daily rings between the an-
nulus-like bands in sagittal sections of large-
mouth bass otoliths approximated the number
of potential growing days per year in Lake
Sangchris (Table 1). Although the counts were
adequate for age-I and -II largemouth bass, we
were not able to count daily rings between an-
nuli of age-I1I and older fish because the oto-
liths had become asymmetrical and because dai-
ly rings became crowded as otolith growth
slowed in older fish. The range of our ring
counts was generally lower than the expected
range. Miller and Storck (1982, this issue)
showed that daily-ring counts from older young-
of-the-year fish tend to underestimate true ages.
The annuli we found in transverse sections
of otoliths from Lake Sangchris largemouth bass
were opaque in transmitted light whereas the
areas of fast growth were translucent (Fig. 1).
The annuli were formed during the summer.
In samples from January (N = 14) and April
(N = 16) the last band was followed by consid-
erable otolith growth, and the edge was clear
of any of the opaque tissue characteristic of the
annular bands. In July (N = 28) the opaque
band was very near the dorsal edge and there
was little growth beyond the band. Otolith sam-
ples from October (N = 38) had opaque bands
that were further from the dorsal edge than
those in July samples, and there was a trans-
lucent area at the dorsal edge. The annuli were
complete from the dorsal to ventral ends along
j · r
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FIGURE 1.-Transverse thin section of otolith from an 8-year-old Lake Sangchris largemouth bass shoiing seiven annuli
(A) and some accessory marks (AM). D = dorsal end; P = proximal surface; Di = distal surface; n = nucleus.
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TABLE 2.-Comparison of total length (TL) at age of Lake
Sangchris largemouth bass determined from otoliths and
a mark-recapture study (Joy and Tranquilli 1979).
Length
Length determined from
back-calculated mark-
Age from otoliths recapture
I 157 121
II 294 274
III 371 358
IV 404 411
V 429 444
VI 459 465
VII 486
VIII 503
IX 533
X 547
XI 564
E
-C
I-
-J
-
H-
LL.
the proximal surface but incomplete along the
distal surface (Fig. 1). The number of annuli
could be counted from the nucleus to either the
dorsal or proximal edges but counts were dif-
ficult to obtain from the nucleus to the ventral
edge.
Total lengths of Lake Sangchris largemouth
bass back-calculated from otoliths agreed with
those determined from a mark-recapture study
(Table 2). The relationship between fish total
length (TL) and otolith radius was only slightly
sigmoid but the curve was severe enough that
we used separate linear regressions for fish
larger than or smaller than 300 mm TL (Fig.
2). Although two linear regressions served our
purposes, lengths back-calculated from a single
linear or a sigmoid regression were similar at
otolith annulus formation.
Otoliths from eight of the Lake Lawne large-
mouth bass showed four annuli and, because
they were collected after January 1, we assigned
an additional year, making them 5-year-old fish.
All of the other Florida largemouth bass col-
lected from Lake Lawne were younger than V+.
Otoliths from the hatchery fish indicated age
II+, which corresponded to their 1979 birth
date. Nine Florida largemouth bass collected
from the hatchery in March 1981 showed one
annulus and, because the fish were killed after
January 1, we assigned an additional year. Oto-
lith annuli from Florida largemouth bass were
easily counted but were less distinct than those
from Lake Sangchris largemouth bass.
We found accessory marks in transverse thin
1 2 3 4
OTOLITH RADIUS (mm)
FIGURE 2.-Relationship offish length (y) to otolith radius
(x) for Lake Sangchris largemouth bass.
sections of otoliths from Lake Sangchris large-
mouth bass and Florida largemouth bass (Fig.
1). These accessory marks were lighter, less dis-
tinct, and easily distinguished from annuli. They
may be analagous to false annuli or accessory
marks in scales of largemouth bass (Coble 1970;
Carlander 1973).
The annuli we found in transverse thin sec-
tions of largemouth bass otoliths were verified
by criteria generally accepted for verification of
annuli in scales. The otolith annuli were all
formed during the same season; fish lengths
back-calculated from otolith annuli compared
well with those from a mark-recapture (known
annular growth) study; and the number of oto-
lith annuli agreed with known ages of fish. We
also were able to show that the number of daily
rings between annuli approximated the num-
ber of potential growing days and, therefore,
could be used as an aid for verification of annuli
in otoliths.
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Job No. 8. To determine time of spawn and reproductive age of threadfin shad
and reproductive success of largemouth bass.
Materials and Methods:
Threadfin shad were collected by shad scoop, plankton net tows, cove rotenone
samples, electrofishing, seining, and gill netting. Cove rotenone, electro-
fishing, seining and gill netting procedures are explained in the Materials
and Methods Section of Job No. 3. The threadfin shad larval and Juvenile
sampler was a push-net apparatus modified from Tarplee et al. (1979). We used
this apparatus because it attached semi-permanently to the boat and a constant
depth could be sampled without first determining the boat speed. In general,
a 1/2-m net was attached to a steel beam that was attached with a swivel
joint to the boat. The distance from the swivel to the net could be adjusted
to regulate the depth we sampled. When we started a tow, the net was lowered
into the water and a brace on the swivel held the beam perpendicular to the
water. When the tow was finished, the plankton net was raised out of the
water. We took weekly tows during spring, summer, and fall of 1980 and 1981.
Samples were taken in each of the three arms and the dam area and consisted
of two, one minute tows. At each site one tow was preserved in formalin and
one frozen. Netsch et al. (1971) showed that threadf in shad larvae were
close to the surface at night and that all lengths were represented near the
surface. Therefore, we sampled at night at a depth of 1 m.
Because we were collecting both threadfin shad and gizzard shed larvae, we
needed a method to distinguish between the two. Kersch (1970) and Shelton and
Stephens (1980) gave descriptions of larvae development and Indicated that the
number of myomeres could be used to differentiate between the species.
Because there was overlap in the number of myomeres in their studies and our
fish were from different systems, we repeated their counts on known specimens
of threadfin shad and gizzard shad larvae. Fifteen gizzard shad larvae were
collected from Lake Shelbyville In the spring of 1978. Thelarvae ranged from
5 to 23 mm TL and the total number of mycmeres from 47-51 (X = 48.8).
Threadfin shad ranging from 12.5 to 22 mm TL were collected from a hatchery
pond in southern Illinois and the total number of myomeres ranged from 41-45(X = 42.4). Because there was no overlap of myomere counts between threadfin
shad and gizzard shad, we used total myomere counts to separate the two
species until they reached 25 mm TL and then we used anal fin ray counts. The
use of total mycmere counts proved to be effective In separating Lake
Sangchris shad since two separate peaks of myomere frequencies were found; one
from 40-45 and one from 48-51.
To determine ages of young-of-the-year threadfin shad and largemouth bass, we
counted daily rings in preparations of their otollths. After our regular
sampling representative samples of threadfin shad and largemouth bass were
frozen (other preservation techniques make the otolith unusable for aging).
After thawing, the saglttae (the largest of the three pairs of otol iths) were
removed from the braincase and secured to a glass microscope slide with
lakeside balsam (Buckler Ltd.). The otol Iths were either sectloned frontally,
sagittaly (Taubert and Coble 1977, Taubert et al. 1980), or mounted whole on
the proximal surface. After preparation the number of daily rings were
counted at 400-600 magnifications. The first daily ring was estimated to be
formed on the day of swim-up for both threadfln shad and largemouth bass. For
8-1
a review of the use of daily rings in otolIths, see Pannella (1971, 1974),
Brothers et al. (1976), Struhsaker and Uchlyama (1976), Taubert and Coble
(1977), and Ralston (1978).
Estimates of young-of-the-year largemouth bass density were made by seining
during July and August and by analysis of C/E during the October quarterly.
The areas between Stations 1 and 2, between Stations 4 and 5, and just north
and south of Station 7, were seined from 18-29 times each in 1979 and 20 times
each in 1980 and 1981. The seine was a 7.6 m x 1.2 m bag seine with 4-mm
square mesh. One seine haul consisted of stretching the seine perpendicular
to the shoreline, walking approximately 7.6 m and returning the far end of the
seine to shore.
Life history of threadfin shad
During 1979 (Taubert et al. 1980) we were able to identify few distinct life
history aspects of threadfin shad in Lake Sangchrls. Otolith aging of
young-of-the-year threadfin shad during 1979 indicated that they grew about 1
mm/d during the warmer months (Figs. 8.1 and 8.2). This was approximately
the growth rate that other investigators estimated (Burns 1966; Heldinger and
Imboden 1974). Other data collected during 1979 Indicated that there may
have been a second spawn during late summer and that young-of-the-year
threadfin shad were large enough at the end of that summer to be
reproductively mature. Back calculation of daily ages of young-of-the-year
threadfin shad collected In 1979 Indicated that one spawning period occurred
between 12 May to 12 June and a second occurred from 1 July to 22 August.
Our Inability to collect enough threadfin shad to determine their exact life
history during 1979 was reflective of the relatively low numbers resulting
from the 1979 stocking.
In contrast, during 1980 and 1981, we were able to gather enough data to get
a very clear picture of the life history of threadfin, shad In Lake Sangchris.
Also, the life history of threadfin shad was similar between 1980 and 1981.
Analysis of larval catches indicated that threadfin shad spawning began in
April or early May (Tables 8.1 and 8.2). Larval catches showed spawning
continued throughout the summer with some taking place as late as the middle
of July. The young-of-the-year fish grew about 1 mm/d and at the end of July
many were larger than 60 mm TL. Even though these fish were large enough to
reproduce in late July and the water temperatures were sufficient, we did not
notice a large spawning peak during this period or later in the summer. This
is consistent with Gerdes and McConnell (1963) and Heldlnger and Imboden
(1974) who showed that young-of-the-year threadfin shad can mature in 4
months, but very few spawn as age 0 fish.
With one possible exception the distribution of larval threadfin shad In Lake
Sangchrls was relatively homogeneous. Larval threadfin shad were found at all
sampling stations throughout the spawning seasons and the relative densities
were similar. During 1980, larval threadfin shad were not present in the
discharge arm when the water temperatures reached their summer highs (Taubert
et al. 1981). During 1981, larval threadfin shad were found In the discharge
arm throughout the summer.
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Figure 8.1. Daily rings in a frontal section of a threadfin
shad otollth. A daily ring is defined as one
I ght and one dark band.
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Table 8.1. Sampling date, location, number, and total length range (mm) in
parenthesis of larval threadfin shad captured in plankton net tows
at Lake Sangchris during 1981.
1981
Date
April 20
May 7:
May 14
May 27:
June 2
June 11
June 18
June 23
June 30
July 7:
July 15
July 29
August 12
September
September
September
2
15
30
October 15 0
2
8 (6-9)
4 (8-14)
8 (5-16)
89 (4-18)
136 (4-22)
88 (8-21)
160 (6-25)
375 (9-28)
157 (10-36)
49 (14-47)
54 (22-31)
51 (21-38)
7 (19-33)
0
2 (52-55)
0
4
10
4
44
26
67
49
23
57
59
16
12
14
11
6
4
Station
4
(5-6)
(6-17)
(10-16)
(4-7)
(7 23)
(7-20)
(6-19)
(9-31)
(10-40)
(14-45)
(24-36)
(29-55)
(29-57)
(34-64)
(28-70)
(37-65)
1 ( -70) 2 (65-89)
8-5
5
13
11
101
110
126
73
61
111
338
73
29
23
17
7
1
3
(6-9)
(6-16)
(5-12)
(4-17)
(3-22)
(7-22)
(7-20)
(12-36)
(11-35)
(14-43)
(8-39)
(23-40)
(22-40)
:(14-67)
(48-60)
( -52)
16
8
10
125
75
281
410
544
54
47:
11
28
10
37
11
4
7:
(7-9)
(6-15)
(5-14)
(4-14)
(5-15)
(7-16)
(8-26)
(7-28)
(11-42)
(13-49)
(23-33)
(35-66)
(28-59)
(49-80)
(51-67)
(62-66)
Table 8.2. Sampling date, location, number, and total length range (mm) in
parenthesis of larval threadfin shad captured In plankton net tows
at Lake Sangchris during 1980.
1980---
1980
Date
June 5
June 10
June 18
June 25
July 2
July 9
July 23
July 30
August 6
August 12
August 28
September 9
October 2
2
(6-32)
(9-23)
(9-34)
(10-31)
(12-25)
(24-35)
(23-42)
(23-34)
(37-49)
( -58)
Station
4
76
287
350
76
8
0
30
18
0
4
5
1
0
8-6
7;3
(7-28)
(8-29)
(7-29)
(9-35)
(19-55)
(22-39)
(24-46)
(40-45)
(48-56)
( -52)
(53-65)
161
118
180
40
39
0
44
12
0
3
9
1
8
145
135
48
18
13
0
12
11
28
1
60
10
(6-19)
(9-50)
(6-25)
(12-55)
(16-50)
(48-64)
(45-65)
(38-81)
(-52)
(15-59)
(51-73)
-.- , •
-- --
49 (4-43)
63 (12-52)
7:(13-25)
1 ( -16)
16 (20-33)
0
0
7 (26-62)
12 (22-64)
40 (39-66)
2 (-53)
10 (53-70)
- --
Tremendous numbers of threadfin shad resulted from the 1980 and 1981
spawnings. In 1980 and 1981, threadfin shad represented 23.1 kg/ha and 19.0
kg/ha of the cove rotenone samples (see Job No. 3). These numbers are
considerably higher than those Jenkins (1975) found In mid-south reservoirs
and their magnitude may be a reflection of the high productivity of Lake
Sangchris.
The distribution of adult threadfin shad in Lake Sangchrls showed distinct
seasonal trends (Table 8.3). During our January C/E samples In 1980 and
1981, threadfin shad were only found in the warmer areas of the discharge
arm. The water temperatures In other areas of the lake were lethal to
threadfin shad and it was apparent that either the threadfin shad in the
cooler areas died off and/or migrated to the warmer discharge waters. In our
April sample threadfin shad were distributed throughout the reservoir with a
tendancy to be more abundant in the warmer water areas. Threadfin shad
collected during our July C/E samples again were distributed throughout the
lake with a tendancy to be more abundant in the cooler waters. In October
threadfin shad distributions were similar to those observed in spring. The
distribution of threadfin shad in Lake Sangchris on a seasonal basis Is a
very important factor to consider In the management of northern cool Ing
reservoirs.
The seasonal trends In distribution of threadfin shad In Lake Sangchris were
very similar to those found for largemouth bass (Tranqullll et al. 1981a).
These trends may become very Important when during the cooler months both
largemouth bass and threadfin shad are concentrated in the warm discharge arm
along with the channel catfish. During this period both the largemouth bass
and channel catfish probably eat great numbers of threadfin shad. Before the
Introduction of threadfin shad a forage size food for smaller individuals was
not available In great numbers in the discharge area during the winter
months.
In addition to the concentration of threadfin shad in the warm waters during
the cool months, the thermal gradient of Lake Sangchris provided a mechanism
that would result In a "natural" control over threadfin shad numbers. When
stocking a new species of fish Into a body of water, it Is ideal If the
manager can predetermine that the new fish would not overpopulate the water.
During the winter months in Lake Sangchris only approximately 400 of the 2165
acres provided suitable habitat for threadfin shad. In other areas of the
lake the water temperatures were lethal.
During late October and all of November we saw dead threadfin shad In the
colder areas of the lake. The number of dead threadfin shad was not
enormous, but It was evident that the colder water temperatures were
affecting threadfin shad survival. Coupled with an Increase In predation In
the discharge arm during the winter, it Is probable that considerable
mortality occurred from November to March.
Finally, the length frequency data from our C/E samples revealed an
interesting facet of the life history of threadf n shad In Lake Sangchrls.
During both 1980 (Fig. 8.3) and 1981 (Fig. 8.4) there were two distinct peaks
In the January length frequencies. The smaller peak (in both numbers and
size) ranged from about 60 to 80 mm TL. The second and larger peak ranged
8-7
Table 8.3. Spatio-temporal distribution of threadfin shad (numbers) collected
in quarterly samples from Lake Sangchris 1979-1981.
Month Warm --- Gradient ---- Cool Ambient
Year 5 4 3 2 1 7:
January
1979* --
1980 14 21 0 0 0 0
1981 205 1 0 0 0 0
April
1979 0 0 0 0 0 0
1980 1,015 83 1 10 4 7:
1981 216 5 6 2 0 14
July
1979 5 4 0 0 0 2
1980 0 62 1 143 99 189
1981 1 3 4 24 12 51
October
1979 1,916 26 8 0 5 3
1980 1371 20 8 11 14 15
1981 84 74 516 3 1 505
*No collection due to ice cover.
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from about 90 to 150 mm TL. Our April length frequency distributions for
1980 and 1981 (Figs. 8.5 and 8.6) were similar to the January sample with the
exception that the peaks were not as distinct. In contrast, the July
distribution (Figs. 8.7 and 8.8) were made up entirely of threadfin shad from
20 to 80 mm TL. Apparently between April and July there was a die off of
almost all of the age I threadfin shad. These results were also evident from
our rotenone samples (Taubert et al. 1981; see Job No. 3). Two obvious
changes occurred between April and July that could have caused the mortality.
The first might have been a post-spawning mortal Ity caused from the stress of
reproduction. Gerdes and McConnell (1963) observed mortality of adult
threadfin shad during the post spawning season. The second reason could be
mortality that was a result of Intraspecific food competition. By the end of
June many young-of-the-year threadfin shad in Lake Sangchris had reached 20
mm TL. It Is at this approximate size that the Juveniles join the larger
adults in the Iimnetic zone. Johnson (1969) showed that there was severe
competition for limnetic plankton and that the numerically dominant Juveniles
can out compete the adults. Although there Is no specific data that ties
mortality to either of these causes, it is known that threadfin shad can be
short-lived. In North Carolina only 6.1% of the age I fish lived to be age
II and only 2.1% of age II fish lived to be age III (May 1969). Competition
for food during this time period (movement of juvenile threadfin shad to
I imnetic waters) may also have reduced gizzard shad numbers.
The October length frequency samples during 1980 and 1981 (Figs. 8.9 and
8.10) showed one large peak between 55 and 115 mm TL. Apparently there was
some growth between October and January since the January peak was at a
larger size than that in October.
Largemouth Bass - time of spawning and spawning success:
To determine spawning time for largemouth bass in Lake Sangchris from
1979-1981 we counted the number of daily rings (Taubert and Coble 1977; Miller
and Storck 1982) In otoliths of a subsample of bass collected during July
seining samples. Taubert and Coble (1977) and Miller and Storck (1982) found
that the first prominent ring was formed the day of swim-up. To correct these
to fertil Ization dates (spawning dates), we subtracted 13 days (fertil Ization
to swim-up days) (Laurence 1969). Using daily rings in otoliths, we
determined spawning dates for largemouth bass In 1979 were 24 April to 27 May
in 1980 and from 1 April to 13 May in 1981.
Spawning success of largemouth bass in Lake Sangchris was evaluated by
analysis of C/E seine samples collected In July and September of young-of-the-
year fish from 1979 to 1981. Unfortunately, there was no comparable data
available from previous studies.
During each year we seined largemouth bass during July and September (Table
8.4). With the exception of the September sample in 1980, recruitment
appeared to be similar between years, and there was a sl ght trend for
recruitment to have Increased from 1979 to 1981. The September 1980 sample
had a high C/E value that might Indicate above normal survival of progeny
from the 1980 spawn. This was not substantiated in our October 1980 C/E
electrofishing sample when the C/E was similar to 1979 and 1981. Another
dissimilarity in the September 1980 sample was that the mean total length of
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Table 8.4. Catch and effort data, range, and means of TL and area seined for
largemouth bass during July and September 1979, 1980, and 1981.
Number Number of Minimum Maximum Mean
Area of fish seine hauls C/E length (mm) length (mm) length (mm)
13 July 1979
East arm 1I
Middle arm 1
West arm
Entire lake 3R
19 September 1979
East arm
Middle arm
West arm
Entire lake
1-8 July 1980
East arm 1
Middle arm
West arm 1
Entire lake 2(
9-11 September 1980
East arm
Middle arm
West arm
Entire lake 11
July 1981
East arm 1
Middle arm 1
West arm 1'
Entire lake 3
September 1981
East arm
Middle arm
West arm
Entire lake
55
12
92
59
23
20
25
58
37
80
43
60
25
29
18
72
20
21
20
61
20
20
20
60
46
94
49
89
20
20
20
60
79
02
00
81
20
20
20
60
40
16
18
74
20
20
20
60
6.6
3.9
5.1
5.1
1.2
1.0
1.3
1.1
6.8
4.0
7.2
6.0
2.3
5.3
2.5
3.2
9.0
5.1
5.0
6.4
2.0
0.8
0.9
1.2
27
35
25
25
65
67
57
57
35
35
30
30
60
55
57
55
29
32
32
29
63
68
60
60
77
72
58
77
140
111
129
140
85
77
67
85
98
116
103
116
43.6
48.0
42.6
44.7
91.2
85.0
79.1
84.9
50.0
52.5
48.3
48.4
74.5
70.0
68.2
70.6
63
80
69
157
42.2
45.2
44.1
43.4
157
110
140
157
78.6
81.4
S82.7
80.2
0 .1(
- --- -- -- I -------- --
the bass collected was more than 10 mm shorter than those in September 1979
and 1980. Superficially, these data might indicate there was reduced growth
due to crowding or competition for limited zooplankton food resources with
young threadfin shad. Again, this was not substantiated In our aging of
young-of-the-year bass in 1980 (see Job No. 7) or in the October length
frequency figures for 1980 (Fig. 3.1). Apparently, the change we noted In
the September 1980 seining sample was not indicative of population changes,
but were possibly a result of differential distributions of young-of-the-year
bass between the three sampl Ing periods.
The October quarterly C/E samples (electroffshing, gill netting, and seining
combined; see Job 3) indicated a trend towards greater recruitment from 1979
to 1981. Relative recruitment was estimated from the number of bass less
than 200 mm TL in our October C/E samples. In 1979 we collected 149 bass
less than 200 mm TL, in 1980 we collected 201, and In 1981, 214 (Fig. 3.1).
Apparently there was no declIne in reproductive success or recruitment of
young-of-the-year largemouth bass from 1979 to 1981 which would be related to
the Introduction of threadfin shad, the size of the threadfin population, or
to interspecific competition with threadfin for the same zooplankton food
resource.
Conclusions:
Otol ith aging of young-of-the-year threadfin shad indicated that they grew
about 1 mm/day during warmer months In Lake Sangchrls In 1979. We did not
collect large numbers of larval threadfin shad and most Information was
obtained from otolith aging. By late summer of 1979, young-of-the-year
threadfin shad were large enough to be reproductively mature. Back
calculation of daily ages of young-of-the-year threadfin collected In 1979
indicated that one spawning period occurred between 12 May and 12 June and a
second occurred from 1 July to 22 August. Threadfin shad overwintered during
the winters of 1979-80 and 1980-81 and much larger populations were produced
In the lake. Analyses of plankton net tow data in 1980 and 1981 revealed that
threadfin shad began spawning In April or early May and continued throughout
the summer with some taking place as late as mid-July. A second large
spawning peak was not observed In 1980 or 1981. During spring and fall
threadfin shad were concentrated In the heated discharge arm, while during
summer they were found throughout the lake. During winter their distribution
was restricted by temperature to the discharge canal area where they over-
wintered. Population size of threadfin shad was thus controlled by overwinter
mortality in all areas of the lake except the heated discharge and by high
sportflsh predation in that area. Age I threadfin shad appeared to die off
naturally between April and July of 1980 and 1981 after spawning as a result
of reproductive stress or intraspecific food competition with young-ofthe
year threadfin shad. Adult threadfin shad never got larger than 140 mm TL and
thus remained within forage size for most predacious sportflshes.
Otolith aging of young-of-the-year largemouth bass indicated that bass spawned
from 24 April to 27 May in 1979 and from 1 April to 13 May In 1980.
Comparison of catch per unit effort seine samples revealed no differences in
reproductive success or recruitment of young-of-the-year largemouth bass from
1979 to 1981 which could be related to the introduction and population size of
threadfln shad. As shown in Job 4, young-of-the-year largemouth bass did not
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consume many threadfin shad and apparently did not compete for the same
zooplankton food resources because their reproductive success and recruitment
were not affected.
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